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The  present  volume  completes  the  task,  began  eleven 
years  ago,  of  preparing  a  work,  intended  to  represent  the 
existing  state  of  physiological  science,  as  applied  to  the  func- 
tions of  the  human  body.  The  kindly  reception  which  the  % 
first  four  volumes  have  received  has  done  much  to  sustain 
the  author  in  an  undertaking,  the  magnitude  of  which  he 
has  appreciated  more  and  more  as  the  work  has  progressed. 

An  elaborate  treatise  on  the  great  subject  of  the  physi- 
ology of  man  must  be  written,  in  this  country,  under  certain 
disadvantages ;  and  the  attempt  to  give  a  fair  and  complete 
account  of  certain  subjects  has  often  seemed  well-nigh  hope- 
less. It  soon  became  evident,  in  the  progress  of  the  work, 
that  it  is  frequently  unsafe  to  take  references  at  second- 
hand, even  from  the  best  writers ;  and  months  of  delay  in 
the  appearance  of  each  volume  have  been  due  to  the  necessity 
of  looking  up  citations,  as  it  was  desired  to  make  reference 
only  to  original  works.  There  are  no  complete  libraries  on 
physiology  in  this  country ;  and,  while  the  author  has  derived 
great  assistance  from  the  serial  publications  contained  in  the 
Astor  Library — which  he  takes  this  occasion  to  acknowledge 
most  gratefully — he  has  been  compelled  to  import  the  greater 
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number  of  the  works  to  which  he  has  referred.  As  far  as 
such  an  end  could  be  accomplished  by  patient  labor,  the  ref- 
erences are  accurate,  and  given  in  snch  a  way  that  they  can 
be  easily  verified.  The  author  has  not  hesitated,  however, 
to  give  his  own  opinions  upon  every  subject  considered,  even 
when  they  have  been  opposed  to  high  authority. 

In  the  preparation  of  this  work,  the  author  has  formed 
his  opinions,  to  a  great  extent,  from  the  results  of  direct 
observation  and  experiment,  as  the  true  basis  of  what  is 
positively  known  in  physiology ;  and,  while  the  earlier  vol- 
umes might  be  modified  by  the  addition  of  new  facts,  they 
contain  comparatively  little  that  has  been  disproved  by  re- 
cent investigations.  Experimental  observations  have  been 
studied  and  criticised  from  a  practical  point  of  view ;  and,  in 
this,  the  author's  training  as  an  experimentalist  and  a  public 
teacher  for  more  than  fifteen  years  has  given  him  a  certain 
degree  of  confidence.  It  is  the  practical  physiologist  who  is 
best  qualified  to  judge  of  the  correctness  of  the  results  of 
physiological  experiments  and  of  the  accuracy  of  methods  of 
investigation ;  and  the  author  has  learned,  from  his  own  at- 
tempts at  original  observation,  to  estimate  the  difficulties  of 
direct  research  and  to  appreciate  the  inaccuracies  into  which 
careless,  inexperienced,  or  over-enthusiastic  workers  are  liable 
to  fall. 

As  regards  certain  new  views  enunciated  in  the  first  four 
volumes,  the  author  has  found  no  reason  to  modify  his  opin- 
ions. In  the  first  volume,  under  the  head  of  respiration,  he 
stated,  as  the  result  of  numerous  experiments,  that  the  iesom 
de  respirer,  or  sense  of  want  of  air,  the  impression  which 
gives  rise  to  the  first  inspiratory  effort  in  the  newly-born  and 
which  excites  the  reflex  acts  in  normal  respiration,  is  refer- 
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able,  not  to  the  lungs,  but  to  the  general  system,  and  is  due 
to  want  of  oxygen  and  not  to  the  stimulation  of  carbonic 
acid.  This  view,  originally  published  in  1861/  has  been  con- 
firmed by  farther  study  and  observation. 

In  1862,  the  author  published  an  account  of  a  new  ex- 
cretory function  of  the  liver,  consisting  in  the  separation  of 
cholesterine  from  the  blood,  and  its  discharge  in  the  faeces, 
in  the  form  of  stercorine.'  This  discovery  the  author  re- 
garded as  of  great  importance,  pathologically  as  well  as 
physiologically,  as  it  gave  an  idea  of  the  pathology  of  cer- 
tain diseases  of  the  liver  in  which  cholesterine  is  retained  in 
the  blood,  constituting  the  condition  described  by  the  author 
under  the  name  of  cholestersemia.  The  fact  of  such  a  re- 
tention of  cholesterine  was  demonstrated  in  many  cases  in 
the  human  subject ;  but  the  views  of  the  author  have  lately 
received  complete  confirmation  by  the  experiments  of  Dr. 
Koloman  Muller,  who  produced  cholestereemia,  with  all  the 
symptoms  of  "  grave  icterus,"  by  injecting  cholesterine  into 
the  veins  of  dogs.*  It  seems  to  the  author  that  his  views 
upon  this  point  must  now  take  a  permanent  place  in  science. 

In  the  third  volume,  the  author  adheres  to  the  view  that 
sugar  is  produced  by  the  liver  during  life,  and  reconciles  the 
discordant  observations  upon  this  point,  by  demonstrating 
that  the  sugar  thus  produced  is  washed  out  by  the  blood  as 
fast  as  it  is  formed,  and  may  not  be  found  in  the  liver  itself, 
if  this  organ  be  examined  a  few  seconds  after  death.4  This 
view  has  been  adopted  by  many  writers,  as  settling  the  con- 
troversy with  regard  to  the  function  of  glycogenesis. 

1  American  Journal  of  the  Medical  Sciences,  Philadelphia,  October,  1861. 

*  Ibid.,  October,  1862. 

•  ArchivfUr  aperimmteUe  Palhohgie  und  Pharmakologie,  Leipzig,  1878,  Bd. 
i.,  Drtttes  Heft.  4  New  York  Medical  Journal,  January,  1869. 
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In  1871,  the  author  published  an  elaborate  series  of  in- 
vestigations on  the  physiological  effects  of  severe  and  pro- 
tracted muscular  exercise,  with  special  reference  to  its  influ- 
ence upon  the  excretion  of  nitrogen.1  If  the  simple  facts 
resulting  from  these  investigations  be  accepted  as  true,  they 
fully  confirm  the  view  enunciated  in  the  third  volume — 
which  is  directly  opposed  to  the  opinions  of  many  recent 
observers — that  muscular  exercise  largely  increases  the  elimi- 
nation of  urea. 

In  the  fifth  and  last  volume,  an  attempt  has  been  made 
to  give  a  clear  account  of  the  physiology  of  the  special 
senses  and  generation,  a  most  difficult  and  delicate  under- 
taking. With  regard  to  the  chapters  on  vision,  the  author 
desires  to  express  his  acknowledgments,  for  most  valuable 
aid,  to  his  colleague,  Professor  H.  D.  Moyes,  who  carefully 
overlooked  this  portion  of  the  work  and  made  many  impor- 
tant corrections  and  suggestions.  If  this  section  be  found 
fully  up  to  the  present  day  in  ophthalmology,  it  is  largely 
due  to  the  assistance  rendered  by  Professor  Noyes. 

Finally,  as  regards  the  last,  as  well  as  the  former  vol- 
umes, the  author  can  only  6ay  that  he  has  spared  neither 
time  nor  labor  in  their  preparation ;  and  the  imperfections 
in  their  execution  have  been  due  to  deficiency  in  ability  and 
opportunity.  He  indulges  the  hope,  however,  that  he  has 
written  a  book  which  may  assist  his  fellow-workers,  and  in- 
terest, not  only  the  student  and  practitioner  of  medicine,  but 
some  others  who  desire  to  keep  pace  with  the  progress  of 
Natural  Science. 

1  New  York  Medical  Journal,  June,  1871. 
New  Tore,  May,  18*74. 
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SPECIAL  SENSES — TOUCH,  ETC. 

• 

General  characters  of  the  special  senses — Muscular  sense  (so  called)— -Apprecia- 
tion of  weight-— Sense  of  touch — Variations  in  tactile  sensibility  in  different 
parts — Table  of  variations  measured  by  the  ©ethesiometer— Connection  be* 
tween  the  variations  in  tactile  sensibility  and  the  distribution  of  the  tactile 
corpuscles— Titillation — Appreciation  of  temperature — Venereal  sense. 

Oub  study  of  the  nervous  system,  in  the  volume  devoted 
to  that  subject,  has  involved  simply  motion  and  what  is 
known  as  general  sensibility;  and  almost  all  our  positive 
knowledge  of  these  properties  has  been  derived  from  experi- 
ments upon  the  inferior  animals.  As  regards  sensation,  the 
experiments  have  referred  to  impressions  recognized  as  pain- 
ful ;  and  we  have  seen  that  these  are  conveyed  to  the  centres 
by  nerve-filaments,  anatomically  as  well  as  physiologically 
distinct  from  those  which  convey  to  the  contractile  parts  the 
stimulus  that  gives  rise  to  motion.  As  far  as  we  have  studied 
the  sensory  nerves,  we  have  alluded  to  simple  impressions 
only;  but  it  is  evident  that  the  filaments  of  peripheral  distri- 
bution of  these  nerves  are  capable  of  receiving  a  variety  of 
impressions,  by  which  we  determine,  to  a  certain  extent,  the 
form,  size,  character  of  surface,  density,  and  temperature  of 
objects.  We  also  have  a  general  appreciation  of  heat  and 
oold ;  a  sense  of  resistance,  which  gives  an  idea  of  weight ; 
and,  finally,  there  are  nerves  of  peculiar  properties,  termi- 
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nating  in  organs  calculated  to  receive  the  impressions  of 
smell,  sight,  hearing,  and  taste. 

The  senses  of  olfaction,  vision,  audition,  and  gustation 
belong  to  peculiar  organs,  provided  with  nerves  of  special 
properties  which  are  not  usually  endowed  with  general  Ben- 
sibility.  These  nerves  have  been  omitted  in  our  general 
study  of  the  nervous  system ;  and  the  accessory  organs  to 
which  they  are  distributed  are  so  important.and  intricate  in 
their  structure  as  to  demand  extended  description. 

The  senses  of  touch,  titillation,  temperature,  and  pain 
are  all  conveyed  to  the  nerve-centres  by  what  we  have  de- 
scribed  as  ordinary  sensory  nerves;  the  touch  being  perfected 
in  certain  parts  by  peculiar  arrangements  of  the  terminal 
nerve-fibres.  Though  it  be  possible  that  each  one  of  these  im- 
pressions may  be  transmitted  by  special  and  distinct  fibres, 
this  has  not  yet  approached  a  positive  demonstration.  The  so- 
called  muscular  sense,  by  which  we  appreciate  weight,  resist- 
ance, etc.,  undoubtedly  depends,  to  a  great  extent,  if  not  en- 
tirely, upon  the  muscular  nerves.  In  our  study  of  the  passage 
of  the  nerve-fibres  to  the  enoephalon  through  the  spinal  cord, 
it  has  been  seen  that  most  of  the  motor  fibres  decussate  in 
mass  at  the  medulla  oblongata,  and  that  the  sensory  fibres  de- 
ci^ssatethroughouttheenlSkngtiiofthespinalLs.  This 
important  anatomical  and  physiological  fact  enables  us  to 
separate  pretty  clearly  the  muscular  sense,  so  called,  from 
the  various  modifications  of  general  sensibility  just  men- 
tioned. Dr.  Brown-S6quard  has  observed,  in  a  number  of 
cases  of  disease  of  the  cord,  etc.,  in  the  human  subject, 
that  the  conductors  of  the  impressions  of  touch,  titillation, 
pain,  and  temperature  decussate  in  the  cord,  while  the  con- 
ductors of  the  "  muscular  sense  " — if  such  a  sense  exist— de- 
cussate at  the  medulla  oblongata.1 

1  Brown-S£quuu>,  Recherche*  sur  la  transmission  des  impressions  de  tact, 
de  chatouillement,  de  douleur,  de  tempirature,  et  de  contraction  (sens  muscu- 
laire)  dans  la  moeUe  epinere. — Journal  de  la  physiologic  Paris,  1863,  tome  vi.f 
p.  125. 
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Muscular  Sense  (so  called). 

It  is  difficult  to  define  exactly  what  is  meant  by  the  term 
muscular  sense,  as  it  is  used  by  many  physiologists.  In  all 
probability,  the  sense  which  enables  us  to  appreciate  the  re- 
sistance, immobility,  and  elasticity  of  substances  that  are 
grasped,  on  which  we  tread,  or  which,  by  their  weight,  are 
opposed  to  the  exertion  of  muscular  power,1  is  immensely 
modified  by  education  and  habit.  Still,  it  is  undoubtedly 
true  that  the  general  sensibility  regulates  the  action  of  mus- 
cles to  a  very  great  extent.  If,  for  example,  the  lower  ex- 
tremities be  paralyzed  as  regards  sensation,  the  muscular 
power  remaining  intact,  the  person  affected  cannot  walk, 
unless  he  be  able  to  see  the  ground.  In  these  cases,  the  in- 
dividual often  falls  when  blindfolded,  for  the  simple  reason 
that  his  limbs  have  lost  the  sense  of  contact  with  the  ground, 
which  is  nothing  more  nor  less  than  loss  of  general  sensi- 
bility. Many  curious  examples  of  this  kind  are  to  be  found 
in  works  upon  diseases  of  the  nervous  system.  One  of  the 
most  striking  is  a  case  communicated  to  Sir  Charles  Bell  by 
Dr.  Ley.  The  patient  was  afflicted  with  partial  loss  of  sensi- 
bility upon  one  side  of  the  body,  "without,  however,  any 
corresponding  diminution  of  power  in  the  muscles  of  voli- 
tion, so  that  she  could  hold  her  child  in  the  arm  of  that  side 
so  long  as  her  attention  was  directed  to  it ;  but,  if  surround- 
ing objects  withdrew  her  from  the  notice  of  the  state  of  her 
arm,  the  flexors  gradually  relaxed,  and  the  child  was  in  hazard 
of  falling."  *  This  is  precisely  like  the  phenomena  ordinarily 
described  under  the  head  of  locomotor  ataxia.  In  this  dis- 
order, there  is  disease  of  the  posterior  columns  of  the  spinal 
cord,  with  progressive  loss  of  general  sensibility,  the  mus- 
cular power,  in  some  instances,  being  intact.  Patients  af- 
fected in  this  way  cannot  walk  or  stand  unless  they  be  able 
to  supply  the  sense  of  contact  by  the  sight.    One  of  the  most 

1  See  vol.  iil,  Movements,  p.  460.    We  have  here  treated  of  the  sensibility 
of  the  muscles  in  its  relations  to  movements. 

*  Bell,  The  Nervous  System  of  the  Human  Body,  London,  1844,  p.  245. 
182 
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characteristic  phenomena  is  inability  to  stand  when  blind- 
folded ;  although,  with  the  aid  of  the  sight,  the  muscles  can 
be  made  by  the  will  to  act  with  great  power. 

Without  entering  into  a  full  discussion  of  the  various  ar- 
guments used  for  and  against  the  existence  of  a  special 
"  muscular  sense,"  it  is  sufficient  to  state  that,  in  those  cases 
in  which  general  sensibility  is  lost  or  seriously  impaired,  the 
brain  has  no  exact  appreciation  of  the  action  of  .the  muscles, 
except  as  regards  the  sense  of  fatigue.  This  question  is  of 
great  importance  in  connection  with  the  pathology  of  the 
nervous  system ;  and  it  seems  that  the  weight  of  evidence  is 
decidedly  in  favor  of  the  view,  that  there  is  no  distinct  per- 
ception of  muscular  action,  aside  from  general  sensibility, 
that  can  properly  be  called  a  muscular  sense. 

Habit  and  education  enable  us  to  appreciate  with  great 
nicety  differences  in  weight;  but  this  is  chiefly  due  to  the 
sense  of  resistance  to  muscular  effort,  and  has  little  depend- 
ence upon  the  sense  of  touch.  In  the  elaborate  and  clas- 
sical experiments  of  Weber,  this  point  was  very  strikingly 
illustrated.  The  observations  of  this  physiologist  upon  the 
sense  of  touch  and  general  sensibility  were  very  varied  and 
extensive ;  and,  among  the  most  important  of  the  results  with 
regard  to  the  appreciation  of  pressure  and  weight,  are  the 
following:4 

In  general,  those  parts  which  are  most  sensitive  to  the 
impressions  of  touch,  as  the  fingers,  enable  us  to  appreciate 
differences  in  pressure  and  weight  with  the  greatest  accuracy. 
The  sense  of  simple  pressure,  unaided  by  the  estimation  of 
weight  by  muscular  effort,  is  generally  more  acute  upon  the 
left  side,  probably  because  the  integument  of  the  left  hand  is 
thinner  than  that  of  the  right  hand.  Differences  in  weight 
can  be  accurately  distinguished,  when  they  amount  to  only 
one-sixteenth,  by  employing  muscular  effort  in  lifting,  as 
well  as  the  sense  of  pressure ;  but  the  sense  of  pressure  alone 

1  Weber,  Drucksinn,  in  Wagner,  Eandioorterbuch  der  Physioiogie,  Braun- 
schweig, 1846,  Bd.  dti.,  Zweite  .Ibtheilang,  S.  548,  et  teq. 
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enables  us  to  appreciate  a  difference  of  not  less  than  one- 
eighth.  When  weights  are  tested  by  lifting  with  the  hand, 
the  appreciation  of  slight  differences  is  more  delicate  when 
the  weights  are  successively  tested  with  the  same  hand  than 
when  two  weights  are  placed,  one  on  either  hand.  When 
the  interval  between  the  two  trials  amounts  to  more  than 
forty  seconds,  slight  differences  in  weight,  for  example,  the 
difference  between  fourteen  and  a  half  and  fifteen  ounces, 
cannot  be  accurately  appreciated.  In  such  trials,  it  is  neces- 
sary to  have  the  metals  used  of  the  same  temperature,  for 
cold  metals  seem  heavier  than  warm. 

These  observations  f ormularized  some  of  the  facts,  suffi- 
ciently evident  to  every  one,  relating  to  the  appreciation  of 
slight  differences  in  weight.  It  is  well  known  that  experts 
acquire,  in  this  regard,  wonderful  delicacy  and  accuracy. 
Those  who  are  in  the  daily  habit  of  handling  coins  not  only 
count  with  astonishing  rapidity,  but  are  able  to  detect  and 
throw  out  a  light  piece  instantly  and  with  unerring  certainty. 

Sense  of  Touch. 

We  have  already  considered,  in  the  volume  on  the  ner- 
vous system,  the  modes  of  termination  of  the  sensory  ^nerves ;  * 
and,  in  many  instances,  it  is  possible  to  explain,  by  the  ana- 
tomical characters  of  the  nerves,  the  great  differences  that 
have  been  observed  in  the  delicacy  of  the  tactile  sensibility 
in  different  parts ;  differences  which  are  exceedingly  impor- 
tant, pathologically  as  well  as  physiologically,  and  which 
have  been  studied  by  Weber,  Valentin,  and  others,  with  great 
minuteness. 

Variations  in  the  Tactile  Sensibility  m  different  Parts. 
— In  certain  parts  of  the  cutaneous  surface,  the  general  sen- 
sibility is  much  more  acute  than  in  others.  For  example,  a 
sharp  blow  upon  the  face  is  more  painful  than  a  similar  in- 
jury to  other  parts ;  and  the  eye,  as  is  well  known,  is  most 

1  See  vol  iv.,  Nervous  System,  p.  36,  et  teq. 
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exquisitely  sensitive.  The  appreciation  of  temperature  also 
varies  in  different  parte,  this  probably  depending  to  a  great  ex- 
tent  upon  habitual  exposure.  Some  parts,  as  the  soles  of  the 
feet  or  the  axilla,  are  peculiarly  sensitive  to  titillation.  The 
sense  of  touch,  however,  by  which  we  appreciate  the  size, 
form,  character  of  the  surface,  consistence,  etc.,  of  objects,  is 
developed  to  a  greater  degree  in  some  parts  than  in  others;  a 
fact  which  can  be  very  readily  explained,  in  some  instances, 
by  the  anatomical  arrangements  of  the  peripheral  sensory 
nerves*  "When  we  wish  to  ascertain  those  properties  of  ob- 
jects revealed  by  the  sense  of  touch,  we  generally  employ 
the  fingers.  This  sense  is  capable  of  education,  and  is  al- 
most always  extraordinarily  developed  in  persons  who  are 
deprived  of  other  special  senses,  as  sight  or  hearing.  The 
blind  learn  to  recognize  individuals  by  feeling  of  the  face. 
A  remarkable  instance  of  this  is  quoted  in  works  on  physi- 
ology, of  the  blind  sculptor,  Giovanni  Gonelli,  who  was  said 
to  model  the  most  striking  likenesses  entirely  by  the  sense  of 
touch.  Other  instances  of  this  kind  are  on  record.  The 
blind  have  been  known  to  become  proficients  in  conchology 
and  botany,  guided  simply  by  the  sense  of  touch.  It  is  re- 
lated of  a  blind  botanist,*  that  he  was  able  to  distinguish  or- 
dinary plants  by  the  fingers  and  by  the  tip  of  the  tongue.  It 
is  well  known  that  the  blind  learn  to  read  with  perfect  facility, 
by  passing  the  fingers  over  raised  letters  but  little  larger 
than  the  letters  in  an  ordinary  folio  Bible.1  Budolphi  cites 
the  remarkable  faculty  acquired  by  Baczko,  of  distinguishing 
the  colors  of  fabrics  by  the  sense  of  touch  alone.3 

An  exceedingly  ingenious  and  accurate  method  of  deter- 
mining the  relative  delicacy  of  the  tactile  sensibility  of  dif- 
ferent portions  of  the  cutaneous  surface  was  devised  a  num- 
ber of  years  ago  (1829)  by  E.  H.  Weber,  whose  researches  on 
this  subject,  which  have  been  repeatedly  confirmed  by  other 

1  Carpenter,  Cyclopaedia  of  Anatomy  and  Physiology,  London!  1849-1852, 
voL  iv.,  part  ii.,  p.  1179,  el  8eq.y  Article,  Touch. 

1  Budolphi,  Grundiss  der  Physiologic,  Berlin,  1823,  Bd.  ii.,  S.  85. 
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observers,  are  still  the  most  careful  and  reliable  on  record.1 
This  method  consists  in  the  application  to  the  skin  of  two 
fine,  but  blunt  points,  separated  from  each  other  by  a  known 
distance.  The  individual  experimented  upon  should  be  blind- 
folded, and  the  points  applied  to  the  skin  simultaneously. 
By  carefully  adjusting  the  distance  between  the  points,  a 
limit  will  be  reached  where  the  two  impressions  upon  the 
surface  are  appreciated  as  one ;  i.  e.,  by  gradually  approxi- 
mating them,  the  subject  will  suddenly  feel  both  points  as 
one,  when,  an  instant  before,  with  the  points  a  little  farther 
removed  from  each  other,  he  distinctly  felt  two  impressions. 
This  gives  a  very  accurate  measure  of  the  delicacy  of  the 
tactile,  as  distinguished  from  the  general  sensibility  of  dif- 
ferent parts,  and  it  has  lately  been  found  a  most  important 
guide  in  the  investigation  of  diseases  of  the  nervous  system 
attended  with  partial  anaesthesia  of  the  surface.  Of  course, 
the  instrument  used  may  be  very  simple  (a  pair  of  ordinary 
dividers  will  answer),  but  it  is  convenient  to  have  some  ready 
means  of  ascertaining  the  distances  between  the  points. 
An  instrument,  consisting  simply  of  a  pair  of  dividers,  with 
a  graduated  bar  giving  a  measure  of  the  separation  of  the 
points,  is  the  best,  as  it  combines  simplicity,  convenience  of 
use,  and  portability."  This  instrument  is  called  the  sesthe- 
siometer. 

The  experiments  of  Weber  were  made  upon  his  own  per- 
son, and  of  course  do  not  show  the  variations  that  may  occur 
in  different  individuals  in  health,  a  point  of  considerable  im- 
portance in  estimating  the  extent  of  anaesthesia  in  disease. 
His  observations  also  showed  some  slight  variations  with  the 
direction  of  the  line  of  the  two  points,  but  these  are  not 
important.  Valentin  repeated  the  experiments  of  Weber, 
and,  in  addition,  took  the  maximum,  minimum,  and  mean,  in 

1  Webkr,  Ortsinn  in  der  Hattt,  in  Wagner,  Handwforterbuch  der  Phy*iologiey 
Braunschweig,  1846,  Bd.  iiL,Zweite  Abtheilung,  S.  524,  et  seq. 

•  The  instrument  described  above  Is  made  by  Messrs.  G.  Tiemann  &  Co.,  of 
New  York. 
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six  persons.1  Aside  from  these  observations,  the  repetition 
of  Weber's  experiments  has  done  little  more  than  confirm 
the  original  facts.1  The  table  upon  the  next  page,  taken 
from  the  article  in  the  Cydopa&dia  of  Anatomy  and  Physir 
olo<ry9  which  we  have  already  quoted,  gives  the  results  ob- 
tained by  Weber  and  by  Valentin.* 

If  we  note  the  distribution  of  the  tactile  corpuscles  in 
connection  with  this  table,  it  will  be  seen  that  the  sense 
of  touch  is  most  acute  in  those  situations  in  which  the  cor- 
puscles are  most  abundant.  In  the  space  of  about  one-fiftieth 
of  a  square  inch  on  the  palmar  surface  of  the  third  phalanx 
of  the  index-finger,  Meissner  counted  the  greatest  number  of 
corpuscles ;  viz.,  one  hundred  and  eight.4  In  this  situation, 
the  tactile  sensibility  is  more  acute  than  in  any  other  part  of 
the  skin,  the  mean  distance  indicated  by  the  sesthesiometer  be- 
ing 0*603  of  a  line.  In  the  same  space  on  the  second  phalanx, 
forty  corpuscles  were  counted,  the  sesthesiometer  marking 
1*558  line,  this  part  ranking  next  in  tactile  sensibility  after 
the  red  surface  of  the  lips. 

We  can  readily  understand  how  the  hard  tactile  corpus- 
cles, embedded  in  the  amorphous  substance  of  the  cutaneous 
papillae,  might  increase  the  power  of  appreciation  of  delicate 
impressions. 

As  regards  the  general  cutaneous  surface  in  which  no 
tactile  corpuscles  have  been  demonstrated,  it  is  not  easy  to 
connect  the  variations  in  the  tactile  sensibility  with  the  ner- 
vous distribution,  as  we  know  little  or  nothing  of  the  com- 
parative richness  of  the  terminal  nervous  filaments  in  these 
situations. 

1  Valentin,  Physiologic  da  Mmschen,  Braunschweig,  1844,  Bd.  ii.,  S.  558. 

*  The  above  remark  applies  to  a  recent  publication  by  Vierordt,  on  the 
causes  of  the  different  development  of  the  sense  of  locality  of  the  skin  (Archiv 
fur  die  gesammte  Phytiokgie,  Bonn,  1870,  Bd.  ii.,  S.  297).  In  this  article,  it  is 
proposed  to  show  that  the  tactile  sensibility  of  the  skin  is  acute  in  proportion 
to  the  mobility  of  the  parts  which  it  covers. 

'  Carpenter,  op.  eii.}  voL  iv.,  part  ii,  p.  1169. 

4  See  vol.  iv.,  Nervous  System,  p.  40. 
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TdbU  <tf  Variations  in  the  Tactile  Sensibility  of  Different  Portions  of  the 

Shin  (Wsbxb  and  Valentin). 

The  tactile  sensibility  is  measured  by  the  greatest  distance  between  two  points  at 
which  they  convey  a  single  impression  when  applied  simultaneously.  The  measure- 
ments are  given  in  lines  (tV  of  an  inch). 
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TitUlation. — The  sensation  experienced  when  certain  parts 
of  the  general  surface  are  subjected  to  titillation  cannot  easily 
be  described,  though  it  is  sufficiently  familiar.  This  sensa- 
tion is  simply  due  to  delicate  impressions  made  in  unusual 
situations,  and  is  remarkable  chiefly  on  account  of  the  reflex 
movements  which  it  occasions.  If  the  soles  of  the  feet  be 
tickled,  it  is  almost  impossible  to  avoid  movements  of  the 
limbs.  These  are  not  due  entirely  to  the  peculiar  sensation 
appreciated  by  the  brain,  for  the  same  stimulus,  in  persons 
suffering  from  complete  paralysis  of  sensation  and  voluntary 
motion  of  the  lower  extremities,  may  produce  even  violent 
action  of  the  paralyzed  muscles.  These  phenomena  have  been 
fully  described  in  connection  with  reflex  action.  There  are 
no  facts,  experimental  or  clinical,  showing  that  the  peculiar 
sense  of  titillation  is  conveyed  to  the  encephalon  by  nerve- 
fibres  other  than  those  of  general  sensibility.  The  peculiar 
nature  of  the  sensation  is  due  to  the  unusual  character  of  the 
impression,  and  does  not  involve  the  action  of  special  nerve- 
fibres  as  conductors. 

Appreciation  of  Temperature. — It  is  not  known  that  the 
sense  of  temperature,  either  of  the  surrounding  medium  or  of 
bodies  applied  to  different  parts  of  the  skin,  is  appreciated 
through  any  other  nerves  than  those  of  general  sensibility, 
or  that  there  is  any  special  arrangement  of  the  terminations 
of  certain  of  the  nerves  connected  with  this  sense.  As  re- 
gards the  general  temperature,  the  sense  is  relative,  and  is 
much  modified  by  habit.  This  statement  needs  no  explana- 
tion. As  is  well  known,  what  is  cold  for  an  inhabitant  of  the 
torrid  zone  would  be  warm  for  one  accustomed  to  an  exces- 
sively cold  climate.1  Habitual  exposure  also  modifies  the 
sense  of  temperature.  Many  persons  not  in  the  habit  of  dress- 
ing warmly  suffer  but  little  in  extremely  cold  weather.  Those 

1  We  do  not  take  into-' account,  in  this  connection,  the  remarkable  fact,  that 
inhabitants  of  warm  climates,  for  a  certain  time,  may  bear  long-continued  ex- 
posure to  cold  better  than  those  accustomed  to  a  lower  temperature. 
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who  habitually  expose  the  hands,  or  even  the  feet,  to  colcl,  ren- 
der these  parts  quite  insensible  to  temperature;  and  the  same 
is  true  for  those  who  often  expose  the  hands,  face,  etc,  to  heat. 

The  variations  in  the  sensibility  of  different  parts  of  the 
surface  to  temperature  depend,  as  we  have  just  indicated, 
to  a  great  extent,  upon  habit,  exposure,  etc.,  but  also  upon 
special  properties  of  the  parts  themselves.  The  differences, 
however,  are  not  so  marked  as  to  be  of  any  great  importance, 
and  the  experiments  made  upon  this  point  are  simply  curious. 
It  is  remarkable,  however,  to  note  the  exquisite  sensibility  to 
variations  in  temperature  sometimes  presented  by  those  who 
are  deprived  of  other  senses.  The  example  is  quoted  by 
Dunglison,  of  Dr.  Saunderson,  formerly  Professor  of  Mathe- 
matics at  Cambridge,  England,  who,  "  when  some  of  his  pu- 
pils were  engaged  in  taking  the  altitude  of  the  sun,  could 
tell,  by  the  slight  modification  in  the  temperature  of  the  air, 
when  very  light  clouds  were  passing  over  the  sun's  disk." s 

The  experiments  of  Weber  show  conclusively  that  the 
skin  is  the  main  organ  for  the  appreciation  of  temperature,  if 
we  except  the  mouth,  palate,  vagina,  and  rectum,  by  which 
the  difference  between  warm  and  cold  substances  is  readily  dis- 
tinguished. In  several  instances  in  which  large  portions  of 
the  skin  were  destroyed  by  burns  and  other  injuries,  experi- 
ments have  been  made  by  applying  spatulas  of  different  tem- 
peratures. At  one  time  a  spatula  plunged  in  water  at  from 
48°  to  55°  Fahr.  was  applied  to  a  denuded  surface,  and  again, 
a  spatula  at  from  113°  to  122°  Fahr.  When  the  patient  was 
requested  to  tell  which  was  the  warmer,  the  answers  were  as 
frequently  incorrect  as  they  were  correct ;  but  the  discrimina- 
tion was  easy  and  certain  when  the  applications  were  made 
to  the  surrounding  healthy  skin.  When  applications  at  a 
higher  temperature  were  made  to  the  denuded  part,  the  pa- 
tient suffered  only  pain.1 

1  Dtjnglison,  Human  Physiology,  Philadelphia,  1856,  vol  i.,  p.  697. 
*  Weber,  Der  Tastsinn  und  dm  Gemeingefuhl,  in  Wagner,  Handvoorterbuch 
der  Phywlogie,  Braunschweig,  1846,  BcLiii.,  Zweite  Abtheilung,  S.  518. 
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The  venereal  sense,  which  we  shall  not  attempt  to  de- 
scribe, is  unlike  any  other  sensation,  and  is  general,  as  well 
as  referable  to  the  organs  of  generation.  In  this  connection, 
however,  it  is  interesting  to  note  that  the  tactile  sensibility 
of  the  palmar  surface  of  the  third  phalanx  of  the  fingers, 
measured  by  the  ©sthesiometer,  compared  with  the  sensi- 
bility of  the  penis,  is  as  0*802  to  0*034,  or  between  twenty- 
three  and  twenty-four  times  greater. 


CHAPTER  H. 

OLFAOTOBY  NERVES-— OLFACTION. 

Nasal  foflnop  Schneiderian  and  olfactory  membrane— Physiological  anatomy  of 
the  olfactory  nerves — Olfactory  bulbs — Olfactory  cells  and  terminations  of  the 
olfactory  nerve-fibres — Properties  and  functions  of  the  olfactory  nerves — 
Gases  of  anosmia  in  the  human  subject — Mechanism  of  olfaction — Relations 
of  olfaction  to  the  sense  of  taste— Reflex  acts  through  the  olfactory  nerves. 

The  nerves  directly  connected  with  the  senses  of  olfac- 
tion, vision,  and  audition,  are  but  slightly,  if  at  all,  endowed 
with  general  sensibility.  As  regards  the  olfactory  nerves,  the 
parts  to  which  they  are  distributed  are  so  fully  supplied  with 
branches  from  the  fifth,  that  it  is  difficult  to  determine  the 
fact  of  their  sensibility  or  insensibility  to  ordinary  impres- 
sions. These  nerves,  however,  are  distributed  to  the  mucous 
membrane  of  that  portion  of  the  nasal  cavity  endowed  with 
the  special  sense  of  smell.  Before  taking  up  their  physiolo- 
gical anatomy,  we  shall  describe  briefly  the  parts  to  which  the 
olfactory  sense  is  probably  confined. 

Nasal  Fosses. — The  two  irregularly-shaped  cavities  in  the 
middle  of  the  face,  opening  in  front  by  the  anterior  nares 
and  connected  with  the  pharynx  by  the  posterior  nares,  are 
called  the  nasal  fossae.  The  membrane  lining  these  cavities 
is  generally  called  the  Schneiderian  mucous  membrane,1  and 
sometimes,  particularly  by  the  French,  the  pituitary  mem- 

1  Some  authors  distinguish  the  olfactory  membrane,  lining  the  upper  part  of 
the  nasal  fossa,  from  the  rest,  calling  the  membrane  lining  those  parts  not  en- 
dowed with  the  sense  of  smell,  the  Schneiderian  membrane.  (Kolliker,  Hand- 
luck  der  Gewebelehre,  Leipzig,  1867,  S.  741.)  Most  writers,  however,  apply  the 
term  Schneiderian  membrane  to  the  general  lining  membrane  of  the  fossa. 
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brane.  This  membrane  is  closely  adherent  to  the  fibrous  cov- 
erings of  the  bones  and  cartilages  by  which  the  nasal  fossae 
are  bounded,  and  is  thickest  oyer  the  turbinated  bones.  It  is 
continuous  with  the  membrane  lining  the  pharynx,  the  nasal 
duct  and  lachrymal  canals,  the  Eustachian  tube,  the  frontal, 
ethmoidal,  and  sphenoidal  sinuses,  and  the  antrum.  There 
are  openings  leading  from  the  nasal  fossae  to  all  of  these 
cavities. 

The  essential  organ  of  olfaction  is  the  mucous  membrane 
lining  the  upper  half  of  the  nasal  fossae.  Not  only  has  it 
been  shown  anatomically  that  this  part  only  of  the  membrane 
receives  the  terminal  filaments  of  the  olfactory  nerves,  but 
physiological  experiments  have  demonstrated  that  it  is  the 
only  part  capable  of  receiving  odorous  impressions.  If  a  tube 
be  introduced  into  the  nostril,  placed  horizontally  over  an 
odorous  substance  so  that  the  emanations  cannot  penetrate  its 
caliber,  no  odor  is  perceived,  though  the  parts  below  the  end 
of  the  tube  might  receive  the  emanations ;  but,  if  the  tube  be 
now  directed  toward  the  odorous  substance,  so  that  the  ema- 
nations can  penetrate  to  the  upper  portion  of  the  nares,  the 
odor  is  immediately  appreciated.1 

That  portion  of  the  lining  of  the  nasal  fossae  properly 
called  the  olfactory  membrane  extends  from  the  cribriform 
plate  of  the  ethmoid  bone  downward  a  little  less  than  an  inch. 
It  is  exceedingly  soft  and  friable,  very  vascular,  thicker  than 
the  rest  of  the  Schneiderian  membrane,  and,  in  man,  has 
rather  a  yellowish  color.  It  is  covered  by  long,  delicate,  co- 
lumnar cells,  nucleated,  each  one  provided  with  from  three 
to  eight  ciliary  processes,  their  movement  being  from  before 
backward.1  The  existence  of  cilia  in  this  situation  has  been 
denied  by  some  observers.*  The  mucous  glands  of  the  olfac- 
tory membrane  are  numerous,  long,  and  racemose.4    They 

1  Longet,  TraiiS  de  phytiologie,  Paris,  1869,  tome  iii,  p.  45. 
'  Sappey,  TraiU  tfanatomU,  Paris,  1871,  tome  iii.,  p.  654. 
*  Kolliker,  Handbuch  der  Otwebdehre,  Leipzig,  1867,  S.  741. 
4  Sappey,  loe.  cit. 
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secrete  a  fluid  which  keeps  the  surface  moist,  a  condition  es- 
sential to  the  accurate  perception  of  odorous  impressions. 

Physiological  Anatomy  of  the  Olfactory  Nerves. — The 
apparent  origin  of  the  olfactory  nerve  is  by  three  roots,  from 
the  inferior  and  internal  portion  of  the  anterior  lobe  of  the 
cerebrum,  in  front  of  the  anterior  perforated  space.  The  three 
roots  are  an  external  and  an  internal  white  root,  and  a  middle 
root  composed  of  gray  matter.  The  external  white  root  is 
long  and  delicate,  passing  outward  across  the  fissure  of  Syl- 
vius to  the  middle  lobe  of  the  cerebrum.  The  internal  white 
root  is  thicker  and  shorter  than  the  external  root,  and  arises 
from  the  most  posterior  portion  of  the  anterior  lobe.  The 
middle,  or  gray  root,  arises  from  a  little  eminence  of  gray 
matter  situated  on  the  posterior  and  inner  portion  of  the  in- 
ferior surface  of  the  anterior  lobe. 

The  deep  origin  of  these  three  roots  is  still  a  matter  of 
discussion.  The  external  root  is  stated  by  various  anatomists 
to  originate  from  the  corpus  striatum,  the  optic  thalamus,  the 
anterior  commissure,  and  the  island  of  Eeil ;  but  researches 
upon  this  point  have  been  by  no  means  satisfactory.  The 
same  uncertainty  exists  with  regard  to  the  deep  origin  of  the 
internal  white  root  and  the  gray  root. 

The  three  roots  of  the  olfactory  converge  to  form  a  sin- 
gle nervous  cord  at  the  inner  boundary  of  the  fissure  of  Syl- 
vius. This  passes  forward  and  slightly  inward  in  a  deep 
groove  between  two  convolutions  on  the  under  surface  of  the 
anterior  lobe,  covered  by  the  arachnoid  membrane,  to  the 
ethmoid  bone.  This  portion  of  the  nerve  is  exceedingly  soft 
and  friable.  It  is  composed  of  both  white  and  gray  matter, 
the  proportions  being  about  two-thirds  of  the  former  to  one- 
third  of  the  latter.  The  gray  substance,  derived  from  the 
gray  root,  is  situated  at  the  upper  portion  of  the  nerve,  the 
white  substance  occupying  the  inferior  and  lateral  portions. 

By  the  side  of  the  crista  galli  of  the  ethmoid  bone,  the 
nerve-trunk  expands  into  an  oblong  ganglion,  called  the  olfac- 
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tory  bulb.  This  is  grayish  in  color,  excessively  soft,  and  con- 
tains the  ordinary  ganglionic  elements.  From  the  olfactory 
bulb,  from  fifteen  to  eighteen  nervous  filaments  are  given  off, 
which  pass  through  the  foramina  in  the  cribriform  plate  of 
the  ethmoid.  These  filaments  are  composed  entirely  of  nerve- 
fibres  and  are  quite  resisting,  owing  to  fibrous  elements  pro- 
longed from  the  dura  mater.  It  is  strictly  proper,  perhaps,  to 
regard  these  as  the  true  olfactory  nerves,  the  cord  leading  from 
the  olfactory  bulb  to  the  cerebrum  being  more  properly  a  com- 
missure. Having  passed  through 
the  cribriform  plate,  the  olfac- 
tory nerves  are  distributed  to  the 
olfactory  membrane  in  three 
groups ;  an  inner  group,  distrib- 
uted to  the  mucous  membrane  of 
the  upper  third  of  the  septum ; 
a  middle  group,  to  the  upper  por- 
tion of  the  nasal  fosse ;  and  an 
outer  group,  to  the  mucous  mem- 
brane covering  the  superior  and 
middle  turbinated  bones  and  a 
portion  of  the  ethmoid. 
,_  "  The  mode  of  termination  of 

i  f™  tiio  ftw.-*  epitheiu  «m  or  aw  the  olf actory  nerves  differs  from 

olfcrtcHT  reirlon ;  *.  olfrotory  cello.    S.      .,  -      ..  ,. 

Bmji  branch  of  tha  oifcciory  norvo  or   that    of    the    ordinary    sensory 

ttw  (rog.  MpuaUaB  it  one  end  Into  a  ,,  ' 

bnuh of  virimuflbrtii.  s.  oif»ctory    nerves,  and  is  peculiar  and  char- 

«Uafthi>ih«o.  Mwninsd  SCO  dtoms-  .     .  .... 

ten.    (KOllikh,  /TandbueA  dcr  Of     acteflStlC,    as    it    IB    in    the    Other 

vmbiMre,  Leipilg,  16*7,  B.  T«J  ' 

organs  of  special  sense.  Accord- 
ing to  the  observations  of  Eckhard  and  Schultze,  confirmed 
by  Kolliker,1  the  olfactory  mucous  membrane  contains  pecul- 
iar terminal  nerve-cells,  called  the  olfactory  cells,  which  are 
placed  between  the  cells  of  epithelium.  These  are  long,  deli- 
cate, spindle-shaped  structures,  varicose,  each  one  containing 
a  clear,  round  nucleus.  The  appearance  of  these,  which  are 
considered  as  the  true  olfactory  organs,  is  represented  in  Fig. 

1  Kullikir,  HandbueK  der  ffeimtefcAre,  Leipzig,  1S67,  S.  743. 
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1.  In  the  frog,  there  is  a  fine,  hair-like  process  projecting 
from  each  cell  beyond  the  mucous  membrane,  which  has  not 
been  observed  in  man  or  the  mammalia.  The  great  delicacy 
of  the  structures  entering  into  the  composition  of  the  olfac- 
tory membrane  renders  the  investigation  of  the  termination 
of  its  nervous  filaments  exceedingly  difficult. 

Properties  and  Functions  of  the  Olfactory  Nerves. — It 
is  almost  certain  that  the  olfactory  nerves  possess  none  of 
the  general  properties  of  the  ordinary  nerves  belonging  to 
the  cerebro-spinal  system,  but  that  they  are  endowed  with 
the  special  sense  of  smell  alone.  As  far  as  we  know,  no 
one  has  exposed  and  operated  upon  the  filaments  coming 
from  the  olfactory  bulbs  and  distributed  to  the  pituitary 
membrane  in  living  animals;  but  the  experiments  of  Ma- 
gendie  upon  the  nerves  behind  the  olfactory  bulbs  show 
that  they  are  entirely  insensible  to  ordinary  impressions. 
Magendie,  it  is  true,  denied  that  the  olfactory  nerves  had  any 
connection  with  the  sense  of  smell,  an  opinion  entirely  un- 
tenable and  contradicted  by  numerous  experiments  and  path- 
ological observations ;  but  his  experiments  showing  the  insen- 
sibility of  the  nerves  to  ordinary  impressions  were  entirely 
conclusive.1  Attempts  have  been  made  to  demonstrate,  in 
the  human  subject,  the  special  properties  of  these  nerves,  by 
passing  a  galvanic  current  through  the  nostrils ;  but  the  situ- 
ation of  the  nerves  is  such  that  these  observations  are  of  ne- 
cessity indefinite  and  unsatisfactory."  On  one  or  two  occa- 
sions,  in  witnessing  surgical  operations  upon  the  upper  part 
of  the  nasal  fossae,  we  have  been  struck  with  the  exceedingly 
dull  sensibility  of  its  mucous  membrane. 

The  question  as  to  whether  or  not  the  olfactory  nerves 
endow  the  membrane  of  the  nasal  f  ossce  with  the  sense  of 
smell  hardly  demands  discussion  at  the  present  day.    It  must 

1  Magendie,  Le  nerf  olfactif  est-il  V  organs  de  V  odor  at  t  Experiences  sur  cette 
quotum. — Journal  de  physiologie,  Paris,  1824,  tome  iv.,  p.  169. 

*  Kkykr,  Electricity  in  its  Relations  to  Practical  Medicine,  New  York,  1869, 
p.  1Z. 
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be  evident  to  any  one  who  reads  the  experiments  of  Magen- 
die,  in  which  he  attempted  to  show  that  the  sense  of  smell 
was  retained  after  division  of  these  nerves,  that  he  confused 
the  general  sensibility  of  the  parts  with  the  peculiar  impres- 
sions of  odors ;  and  the  cases,  especially  the  one  reported  by 
Bernard,  in  the  human  subject,  in  which  it  was  supposed 
that  the  olfactory  sense  existed,  notwithstanding  congenital 
absence  of  the  olfactory  nerves  and  bulbs,1  are  by  no  means 
satisfactory,  in  view  of  the  numerous  instances  in  which  pre- 
cisely the  opposite  has  been  observed. 

The  more  recent  experiments  upon  animals  are  entirely 
conclusive  as  regards  the  effects  of  division  of  the  olfactory 
nerves.  Eschricht  published,  in  1826,  a  curious  experiment 
in  contradiction  to  one  of  the  observations  of  Magendie.  He 
extirpated,  in  a  toad,  the  cerebral  hemispheres  and  the  olfac- 
tory bulb  and  nerves.  Upon  applying  liquor  ammoniae  to 
the  nostrils  of  the  animal,  it  drew  back,  moved  the  head  and 
rubbed  its  nose  with  the  fore-feet ;  movements  which  had  led 
Magendie,  in  similar  experiments,  to  conclude  that  the  sense 
of  smell  was  not  destroyed.  Eschricht,  in  repeating  this  ex- 
periment, applied  the  ammonia  to  the  anus.  The  animal 
then  moved  forward,  contracted  the  sphincter  repeatedly,  and 
rubbed  the  anus  with  its  feet  ("  prorsum  animal  procurrebat, 
celerrimus  erat  sphincteris  motus  et  quomodo  anterior  pes 
antea  nasum,  ita  posterior  anum  palpabat  ").*  If  the  first  ex- 
periment of  Magendie  showed  that  the  sense  of  smell  was 
retained,  the  experiment  of  Eschricht  would  equally  show 
that  the  mucous  membrane  of  the  anus  of  the  animal  operated 
upon  was  endowed  with  olfactory  sensibility. 

Among  the  numerous  experiments  upon  the  higher  orders 
of  animals,  in  which  the  olfactory  nerves  have  been  divided, 
we  may  cite,  as  open  to  no  objections,  those  of  Yulpian  and 
Philipaux,  on  dogs.    It  is  well  known  that  the  sense  of  smell 

1  Bernabd,  Syttbne  nerveux,  Paris,  1858,  tome  ii.,  p.  229. 
*  Eschbicht,  De  Functionibu*  primi  et  quinti  Paris  Nervorum  in  olfactoru 
Organo  propriu. — Journal  de  physiologie,  Paris,  1826,  tome  vi.,  p.  850,  note, 
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IB  usually  very  acute  in  these  animals.  Upon  dividing  or  ex- 
tirpating the  olfactory  bulbs,  "after  the  animal  had  com- 
pletely recovered,  it  was  deprived  of  food  for  thirty-six  or 
forty-eight  hours;  then,  in  its  absence,  a  piece  of  cooked 
meat  was  concealed  in  a  corner  of  the  laboratory.  Animals, 
successfully  operated  upon,  then  taken  into  the  laboratory, 
never  found  the  bait ;  and  nevertheless,  care  had  been  taken 
to  select  hunting-dogs."  l  This  experiment  is  absolutely  con- 
clusive ;  more  so  than  those  in  which  animals  deprived  of  the 
olfactory  bulbs  were  shown  to  eat  faeces  without  disgust,1  for 
this  sometimes  occurs  in  dogs  that  have  not  been  mutilated. 

Comparative  anatomy  shows  that  the  olfactory  bulbs  are 
generally  developed  in  proportion  to  the  acuteness  of  the  sense 
of  smell.  Pathological  facts  also  show,  in  the  human  subject, 
that  impairment  or  loss  of  the  olfactory  sense  is  coinci- 
dent with  injury  or  destruction  of  these  ganglia.  A  large 
number  of  cases  observed  by  Schneider,  BoLfinck,  Eschricht, 
Fahner,  Valentin,  Kosenmuller,  Cerutti,  and  Pressat,  be- 
tween the  years  1600  and  1837,  are  cited  by  Longet,  in  his 
elaborate  treatise  on  the  nervous  system,  in  which  the  sense 
of  smell  was  lost  or  impaired  from  injury  to  the  olfactory 
nerves.*  A  case,  reported  by  Hare,  in  1821,  showed  total 
loss  of  smell  from  a  disorder  of  the  bones  of  the  head.  In 
this  case,  an  examination  was  made  after  death  and  "  the  eth- 
moid (sieve-like)  bone,  which  is  naturally  furnished  with  nu- 
merous minute  openings  for  the  transmission  of  branches  of 

1  Vulflut,  Lefons  $ur  la  physiologie  gkn&rale  et  oomparee  du  system*  nerveuz, 
Paris,  1866,  p.  882,  note. 

*  Setoff,  in  a  very  interesting  series  of  observations  on  dogs,  noted  that 
these  animals,  deprived  of  the  olfactory  nerves,  would  drink  their  urine  and  eat 
food  mixed  with  their  faces,  while  this  was  not  observed  in  other  animals,  of  the 
same  litter,  that  had  not  been  operated  upon.  The  experiments  were  made  with 
great  care  and  upon  young  animals ;  and  they  show  conclusively  that  the  olfac- 
tory nerves  preside  over  the  sense  of  smell  (Bcrtfp,  Der  ersU  Himnerv  ist  der 
Gentehmerv.—Untersuchungeh  tur  Naturiehre^  etc.y  Giessen,  1860,  Bd.  vi,  S. 
2*4,  et  seq.) 

*  Loxoxt,  Anatomie  et  phyMogie  du  systems  nerveux,  Paris,  1842,  tome  iL, 
p.  88. 
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the  olfactory  nerves  to  the  nose,  was  altogether  condensed, 
and  its  openings  obliterated;  the  two  primordial  trunks  of 
the  olfactory  nerves,  instead  of  exhibiting  their  usual  ramifi- 
cations, being  suddenly  blunted  at  their  extensions  from 
the  substance  of  the  brain ;  plainly  showing,  that  all  their 
branches  essential  to  the  sense  of  smell  had  been  completely 
destroyed  by  the  diseased  bone."  *  This  case  is  interesting  as 
showing  complete  loss  of  smell  after  obliteration  of  the  fila- 
ments passing  through  the  cribriform  plate  of  the  ethmoid, 
to  which,  as  we  have  stated,  the  term  olfactory  nerves  prop- 
erly belongs. 

In  addition  to  the  instances  just  cited,  a  large  number  of 
cases  of  anosmia  have  been  lately  reported,  which  fully  con- 
firm the  view  that  the  olfactory  nerves  are  the  true  and  the 
only  nerves  of  smell.  Notta  gives  the  histories,  more  or  less 
complete,  of  twenty-four  cases  of  this  kind.*  Dr.  Ogle  reports 
nine  cases.*  In  nearly  all  of  the  cases  on  record,  the  general 
sensibility  of  the  nostrils  was  not  affected.  In  1864,  we  had 
an  opportunity  of  examining  the  following  very  remarkable 
case  of  gunshot-wound  of  the  head,  in  which,  among  other 
injuries,  the  sense  of  smell  was  destroyed : 

The  patient  was  a  soldier,  twenty-three  years  of  age,  who 
was  shot  through  the  head  with  a  rifle-ball,  May  3,  1863. 
The  ball  entered  on  the  left  side,  1J  inch  behind  and  $  of  an 
inch  below  the  outer  canthus  of  the  eye,  emerging  at  nearly 
the  corresponding  point  on  the  opposite  side.    Small  pieces 

1  Habe,  A  View  of  the  Structure,  Function*,  and  Disorder*  of  the  Stomach 
and  Alimentary  Organ*,  London,  1821,  p.  145. 

*  Notta,  Recherche*  tur  la  perte  de  V  odor  at. — Archive*  generate*  de  nUdecine, 
Paris,  Avril,  1870,  p.  385. 

*  Oole,  Anosmia  ;  or  Case*  illuttraiing  the  Physiology  and  Pathology  of  the 
Ben**  of  8meh\ — Medico- Chirurgical  Transaction*,  London,  1870,  Second  Series, 
vol  xxxvii,  p.  268.  In  his  remarks  upon  the  physiology  of  olfaction,  Dr.  Ogle 
advances  the  hypothesis  that  the  sense  of  smell  is  acute  in  proportion  to  the 
development  of  pigment.  He  cites  the  remarks  of  Darwin  on  its  absence  or 
impairment  in  albino  animals,  the  extraordinary  development  of  the  Bense  In 
certain  of  the  dark-skinned  races,  etc. ;  but  the  facts  adduced  seem  hardly  suffi- 
cient to  warrant  the  adoption  of  such  a  theory. 
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of  bone  were  discharged  from  time  to  time  for  three  months 
from  openings  in  the  posterior  nares  and  the  throat.  He 
was  examined  May  10, 1864 ;  when  the  wounds  had  healed, 
with  falling  in  of  the  face  over  the  left  malar  and  nasal 
bones.  He  had  then  entirely  lost  the  power  of  distinguish- 
ing odors.  Upon  applying  acetic  acid  to  the  nostrils,  he 
stated  that  he  felt  a  prickling  sensation,  but  no  odor.  Dilute 
ammonia  produced  a  warm  sensation.  Chloroform  gave  no 
sensation.  He  had  no  sensation  from  the  emanations  of 
flowers.  There  was  loss  of  general  sensibility  of  the  nasal 
mucous  membrane  on  the  left  side,  with  diminished  sensibility 
on  the  right  side.  He  had  a  sensation,  not  very  definite, 
when  in  water-closets,  where  (as  he  was  told)  the  odor  was 
very  offensive,  but  experienced  no  sensation  unless  the  ema- 
nations were  very  powerful.  Before  entering  the  army,  he 
was  a  photographer  by  trade,  and  was  familiar  with  the  odors 
of  acetic  acid  and  ammonia.  In  this  case,  it  is  almost  certain 
that  the  olfactory  nerves  had  been  divided,  though  other  in- 
juries undoubtedly  existed. 

Mschamsm  of  Olfaction. 

There  can  be  no  doubt  at  the  present  day  with  regard  to 
the  mechanism  of  the  sense  of  smell.  Substances  endowed 
with  odorous  properties  give  off  material  emanations,  which 
must  come  in  contact  with  the  olfactory  membrane  before 
their  peculiar  odor  is  appreciated.  As  we  have  seen,  this 
membrane  is  situated  high  up  in  the  nostrils,  is  peculiarly 
soft,  is  provided  with  numerous  glands,  by  the  secretions  of 
which  its  surface  is  kept  in  proper  condition,  and  possesses 
the  peculiar  nerve-terminations  of  the  olfactory  filaments. 

In  experimenting  upon  the  sense  of  smell,  it  has  been 
found  quite  difficult  to  draw  the  exact  line  of  distinction  be- 
tween impressions  of  general  sensibility  and  those  which  at- 
tack the  special  sense ;  or,  in  other  words,  between  irritat- 
ing and  odorous  emanations.  Undoubtedly,  the  vapors  of 
ammonia,  acetic  acid,  nitric  acid,  etc.,  possess  irritating  prop- 
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erties  which  greatly  overshadow  their  odorous  qualities ;  and 
it  was  the  neglect  of  this  distinction  that  led  to  the  errors 
of  interpretation  in  the  observations  of  Magendie.  It  is  un- 
necessary, in  this  connection,  to  discuss  the  different  varieties 
of  odors  recognized  by  some  of  the  earlier  writers,  as  the 
fragrant,  aromatic,  fetid,  nauseous,  etc.,  distinctions  suffi- 
ciently evident  from  their  mere  enumeration ;  and  it  is  plain 
enough  that  there  are  emanations,  like  those  from  delicately- 
scented  flowers,  which  are  easily  recognizable  by  the  sense  of 
smell,  while  they  make  no  impression  upon  the  ordinary  sen- 
sory nerves.  The  very  marked  individual  differences  in  the 
delicacy  of  the  olfactory  organs  in  the  human  subject  and  in 
different  animals  is  an  evidence  of  this  fact.  Hunting-dogs 
recognize  odors  to  which  we  are  absolutely  insensible ;  and 
certain  races  of  men  are  said  to  possess  a  wonderful  delicacy 
of  the  sense  of  smell.  like  all  of  the  other  special  senses, 
olfaction  may  be  cultivated  by  attention  and  practice ;  as  is 
exemplified  in  the  delicate  discrimination  of  wines,  qualities 
of  drags,  etc.,  by  experts. 

After  what  we  have  said  concerning  the  situation  of  the 
true  olfactory  membrane  in  the  upper  part  of  the  nasal  f ossffi 
and  the  necessity  of  particles  impinging  upon  this  membrane 
in  order  that  their  odorous  properties  may  be  appreciated,  it 
is  almost  unnecessary  to  state  that  the  passage  of  odorous 
emanations  to  this  membrane  by  inspiring  through  the  nos- 
trils is  essential  to  olfaction,  so  that  animals  or  men,  after  di- 
vision of  the  trachea,  being  unable  to  pass  the  air  through 
the  nostrils,  are  deprived  of  the  sense  of  smell.  The  act  of 
inhalation  through  the  nose,  when  we  wish  to  appreciate  a 
particular  odor,  is  an  illustration  of  the  mechanism  by  which 
the  odorous  particles  may  be  brought  at  will  in  contact  with 
the  olfactory  membrane.  A  very  curious  and  interesting  caBe 
illustrating  the  necessity  of  the  free  passage  of  air  through 
the  nostrils  is  detailed  by  Dr.  Ogle.  In  this  patient,  there 
was  adhesion  of  the  posterior  pillars  of  the  fauces  to  the  back 
of  the  pharynx,  so  that  no  air  could  pass  through  the  nasal 
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fos&B.  "  While  this  is  the  case  the  man  is  completely  unable 
to  smell  or  to  distinguish  flavors,  though  he  can  still  perfectly 
recognize  true  tastes,  viz.,  sweet,  salt,  acid,  bitter.  This  is 
his  usual  condition.  But  by  an  effort  he  is  able  momentarily 
to  open  the  passage  behind  the  velum,  and  when  he  does  this 
he  can  for  the  time  both  smell  and  recognize  flavors." 1 

It  is  a  curious  point  to  determine  whether  the  sense  of 
smell  be  affected  by  odors  passing  from  within  outward 
through  the  nasal  fossae.  Persons  who  have  offensive  emana- 
tions from  the  respiratory  organs  usually  are  not  aware,  from 
their  own  sensations,  of  any  disagreeable  odor.  This  fact  is 
explained  by  Longet  on  the  supposition  that  the  olfactory 
membrane  becomes  gradually  accustomed  to  the  odorous  im- 
pression, and  therefore  it  is  not  appreciated.  This  is  an  ap- 
parently satisfactory  explanation,  for  we  could  hardly  sup- 
pose that  the  direction  of  the  emanations,  provided  they  came 
in  contact  with  the  membrane,  could  modify  their  effects. 
He  cites  a  case  of  cancer  of  the  stomach,  in  which  the  vom- 
ited matters  were  exceedingly  fetid.  At  first,  the  patient, 
when  he  expired  the  gases  from  the  stomach  through  the 
nostrils,  perceived  a  disagreeable  odor  at  each  expiration ;  but 
little  by  little  this  impression  disappeared.9 

Relations  of  Olfaction  to  the  Seme  of  Taste. — The  rela- 
tions of  the  sense  of  smell  to  gustation  are  very  intimate.  In 
the  appreciation  of  delicate  shades  of  flavor,  it  is  well  known 
that  the  sense  of  olfaction  plays  so  important  a  part,  that  it 
can  hardly  be  separated  from  gustation.  The  common  prac- 
tice of  holding  the  nose  when  disagreeable  remedies  are  swal- 
lowed is  another  illustration  of  the  connection  between  the 
two  senses.  In  most  of  the  cases  of  anosmia  already  referred 
to,  reported  by  Notta  and  by  Ogle,  coincident  with  the  loss 
of  smell,  there  was  inability  to  distinguish  delicate  flavors. 
The  patients  could  only  distinguish  by  the  taste,  sweet,  saline, 

1  Ogle,  Anosmia. — Medico- Chirwffical  Transactions,  London,  1870,  p.  278. 
•  Lonor,  TraiU  de  physiologic,  Paris,  1869,  tome  iii.,  p.  49. 
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acid,  and  bitter  impressions.  In  four  of  the  cases  reported 
by  ISTotta,  there  was  complete  loss  of  the  sense  of  smell,  the 
sense  of  taste  remaining  perfect.1  In  two  of  the  cases  re- 
ported by  Ogle,  the  same  fact  was  observed.'  In  three  of 
the  four  cases,  by  Notta,  the  anosmia  was  due,  in  two,  to 
polypus,  and  in  one  to  coryza.  In  one  case  it  was  traumatic, 
and  probably  due  to  injuiy  of  the  nerves.  In  one  of  the 
cases  reported  by  Ogle,  the  anosmia  was  due  to  double  facial 
paralysis,  and  in  one,  to  coryza. 

It  is  undoubtedly  true  that  we  lose  the  delicacy  of  the 
sense  of  taste  when  the  sense  of  smell  is  abolished.  The 
experiment  of  tasting  wines  blindfolded  and  with  the  nos- 
trils plugged,  and  the  partial  loss  of  taste  during  a  severe 
coryza,  are  sufficiently  familiar  illustrations  of  this  fact.  In 
the  great  majority  of  cases,  when  there  is  complete  anosmia, 
the  taste  is  sensibly  impaired ;  and  in  the  cases  just  referred 
to,  in  which  this  did  not  occur,  it  is  probable  that  the  savory 
emanations  passed  from  the  mouth  to  the  posterior  portion 
of  the  nasal  fossae,  and  that  here  the  mucous  membrane  was 
not  entirely  insensible  to  special  impressions.  This  explana- 
tion would  certainly  answer  for  the  case  in  which  the  anosmia 
was  due  to  facial  palsy. 

It  is  unnecessary,  in  this  connection,  to  describe  fully  the 
reflex  phenomena  which  follow  impressions  made  upon  the 
olfactory  membrane.  The  odor  of  certain  sapid  substances, 
under  favorable  conditions,  will  produce  an  abundant  secre- 
tion of  saliva  and  even  of  gastric  juice,  as  has  been  shown  by 
experiments  upon  animals.1  Other  examples  of  the  effects  of 
odorous  impressions  of  various  kinds  are  sufficiently  familiar. 

1  Notta,  Archive*  gtotfralen,  Paris,  Avril,  1870. 

1  Ogle,  Medico-  Chirurgical  Transaction*^  London,  1870. 

*  See  vol.  IL,  Digestion,  p.  228. 
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OPTTO  NERVES — ANATOMY  OF  THE  EYE. 

General  considerations — Physiological  anatomy  of  the  optic  nerves — General 
properties  of  the  optic  nerves — Physiological  anatomy  of  the  eyeball — Di- 
ameters of  the  eyeball — Sclerotic  coat — Cornea — Membrane  of  Descemet, 
or  of  Demoura — Ligamentum  iridis  pectinatum — Choroid  coat — Uvea — 
Ciliary  processes — Ciliary  muscle— Iris — Canal  of  Schlemm,  or  circular 
venous  sinus— Pupillary  membrane— Retina — Jacob's  membrane — Crystal- 
line lens — Suspensory  ligament  of  the  lens — Zone  of  Zinn — Aqueous  humor 
— Chambers  of  the  eye— Vitreous  humor — Summary  of  the  anatomy  of  the 
globe. 

Vision,  one  of  the  most  important  and  delicate  of  the 
special  senses,  involves,  not  only  the  impressions  conveyed  by 
the  optic  nerves  to  the  brain,  but  the  action  of  accessory 
parts,  the  structure  of  which  is  exceedingly  complex.  The 
integrity  of  these  parts  is  absolutely  essential  to  perfect 
vision ;  and  they  are  liable  to  be  injured  by  disease  or  other- 
wise  in  a  great  variety  of  ways.  At  the  present  day,  the 
treatment  of  diseases  of  the  eye  is,  to  a  great  extent,  con- 
fined to  those  who  have  made  its  physiology  and  pathology  a 
special  study ;  and,  thanks  to  the  labors  of  Helmholtz,  Don- 
ders,  Von  Graef  e,  and  a  host  of  other  writers,  ophthalmology 
ranks  among  the  most  advanced  of  the  subdivisions  of  medi- 
cal science,  with  a  literature  exceedingly  full  and  exact. 

Probably  there  is  no  department  of  medicine,  in  which 
the  principle,  that  the  true  basis  of  pathology  is  a  thorough 
knowledge  of  anatomy  and  physiology,  is  more  completely 
carried  out  than  in  ophthalmology.  In  many  of  the  elaborate 
works  on  diseases  of  the  eye,  the  anatomy  of  the  parts  and 
the  physiology  of  vision  are  treated  of  very  minutely.    To 
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such  works,  those  specially  devoted  to  the  subject  will  refer ; 
particularly  as,  in  such  treatises,  the  bearings  of  physiology 
upon  pathology  and  treatment  are  fully  considered.  Our  sec- 
tion on  the  subject  of  vision  is  not  intended  to  meet  the 
wants  of  the  ophthalmologist,  nor  does  it  seem  desirable  that 
it  should.  Our  aim  is  to  treat  of  the  anatomy  and  physiology 
of  the  organs  of  vision  so  as  to  make  the  subject  clear,  merely 
as  far  as  its  physiology  is  concerned.  In  doing  this,  we  shall 
omit  certain  anatomical  details,  as  well  as  most  of  the  elabo- 
rate mathematical  formulae  of  modern  physicists,  and  all  re- 
searches of  a  purely  historical  interest,  which,  if  fully  dwelt 
upon,  would  swell  the  chapters  on  vision  to  the  dimensions 
of  a  large  volume. 

The  chief  important  points  to  be  considered  in  the  physi- 
ology of  vision  are  the  following : 

1.  The  physiological  anatomy  and  the  general  properties 
of  the  optic  nerves. 

2.  The  physiological  anatomy  of  the  parts  essential  to 
correct  vision. 

3.  The  laws  of  refraction,  diffusion,  etc.,  bearing  upon 
the  physiology  of  vision. 

4.  The  action  of  the  different  parts  of  the  eye  in  the 
production  and  appreciation  of  correct  images. 

5.  Binocular  vision. 

6.  The  physiological  anatomy  and  the  functions  of  acces- 
sory parts,  as  the  muscles  which  move  the  eyeball. 

7.  The  physiological  anatomy  and  the  functions  of  the 
parts  which  protect  the  eye,  as  the  lachrymal  glands,  eye- 
lids, etc. 

Phydologieal  Anatomy  of  the  Optic  Nerves. — The  optic 
nerves,  or  tracts,  take  their  origin,  each  by  two  principal  roots 
of  white  matter  and  a  few  filaments  from  what  is  described  as 
the  gray  root,  chiefly  from  the  tubercula  quadrigemina,  but 
in  part  from  those  portions  of  the  encephalon  over  which  the 
nerves  pass  to  go  to  the  eyes.    The  internal  white  root  arises 
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from  the  posterior,  and  the  external  white  root,  which  is  the 
larger,  from  the  anterior  tuberculnm.  The  gray  root  is  situ- 
ated in  front  of  and  above  the  optic  commissure,  and  is  a  de- 
pendence of  the  gray  matter  which  covers  the  internal  surface 
of  the  optic  thalamus.  It  arises  from  the  gray  matter  consti- 
tuting the  anterior  floor  of  the  third  ventricle,  in  the  form 
of  delicate  filaments  which  join  the  optic  nerves  at  this 
point.1 

The  apparent  origin  of  these  nerves  is  from  the  tubercula 
quadrigemina,  receiving  filaments  from  the  corpora  genicu- 
lata,  the  optic  thalami,  the  peduncles  of  the  cerebrum,  the 
anterior  substantia  perforata,  the  tuber  cinereum,  and  the 
lamina  terminalis.  It  has  thus  far  been  found  impossible  to 
trace  all  these  roots  to  their  true  origin  in  the  cerebral  sub- 
stance ;  but  experiments  upon  the  lower  animals,  in  which  it 
has  been  shown  that  the  sense  of  sight  is  completely  abol- 
ished by  destruction  of  the  tubercula  quadrigemina  (bigemi- 
na,  in  birds),  show  that  the  origin  of  the  filaments  that  pre- 
side over  vision  is,  in  all  probability,  from  these  bodies. 

The  two  principal  roots  unite  above  the  external  corpus 
geniculatum,  forming  a  flattened  band,  which  takes  an  oblique 
course  around  the  under  surface  of  the  eras  cerebri  to  the 
optic  commissure.  This  is  usually  called  the  optic  tract,  in 
contradistinction  to  the  optic  nerve,  which  is  described  as 
arising  from  the  optic  commissure. 

The  optic  commissure,  or  chiasm,  is  situated  just  in  front 
of  the  corpus  cinereum,  resting  on  the  olivary  process  of  "the 
sphenoid  bone.  As  its  name  implies,  this  is  the  point  of  union 
between  the  nerves  of  the  two  sides.  At  the  commissure,  the 
fibres  from  the  optic  tracts  take  three  directions ;  and,  in  addi- 
tion, the  commissure  contains  filaments  passing  from  one  eye 
to  the  other,  which  have  no  connection  with  the  optic  tracts. 
The  four  sets  of  fibres  in  the  optic  commissure  are  as  fol- 
lows : 

1.  Decussating  fibres,  passing  from  the  optic  tract  upon 

1  Sapfxy,  TraiU  cTanatomie,  Paris,  1871,  tome  ill,  p.  251. 
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either  side  to  the  eye  of  the  opposite  side.  The  greatest 
part  of  the  fibres  take  this  direction.  Their  relative  situa- 
tion is  internal. 

2.  External  fibres,  mnch  less  numerous  than  the  preceding, 
which  pass  from  the  optic  tract  to  the  eye  upon  the  same 
side. 

3.  Fibres,  situated  on  the  posterior  boundary  of  the  com- 
missure, which  pass  from  one  optic  tract  to  the  other  and  do 
not  go  to  the  eyes.  These  fibres  are  scanty,  and,  according 
to  Sappey,  are  sometimes  wanting.' 

4.  Fibres,  situated  on  the  anterior  border  of  the  commis- 
sure, more  numerous  than  the  preceding,  which  pass  from 
one  eye  to  the  other,  and  which  have  no  connection  with  the 
optic  tracts.1 

It  is  probable,  reasoning  chiefly  from  cases  of  cerebral 
injury  or  disease,  that  the  filaments  from  the  optic  tracts 
upon  the  two  sides  are  connected  with  distinct  portions  of 

1  Sappey,  Traite  <T anatomic,  Paris,  1871,  tome  iiL,  p.  254. 

*  Within  the  last  few  years,  the  old  idea  that  the  optic  nerres  make  a  com- 
plete decussation  at  the  commissure  has  been  revived.  In  two  very  elaborate 
articles  on  this  subject,  which  have  just  appeared  (1873)  in  Graefe's  Archiv,  by 
Mandelstamm  and  by  Michel,  the  authors,  after  referring  to  the  anatomical  re- 
searches of  Biesiadecki,  in  1861,  and  of  Pawlowsky,  in  1869,  assume  to  have 
confirmed  their  observations,  and  to  have  demonstrated  that  the  nerves  decus- 
sate completely  at  the  commissure  and  are  each  distributed  exclusively  to  the 
eye  of  the  opposite  side.  Purely  anatomical  researches  upon  such  a  delicate 
point  as  this  are  uncertain ;  and  it  is  with  the  aid  of  pathological  observa- 
tions, that  positive  conclusions  have  been  reached.  With  the  views  advanced 
by  Mandelstamm  and  by  Michel,  it  is  perhaps  possible  to  explain  cases  of 
hemiopsia  due  to  tumors  situated  at  some  parts  of  the  chiasm,  but  not  hemi- 
opsia  following  deep-seated  injury  or  disease  of  the  brain  near  the  origin  of  one 
of  the  optic  tracts.  Two  such  cases  we  shall  quote  from  Drs.  Keen  and  Thom- 
son (see  page  41),  and  these  are  sufficient  to  lead  us  to  doubt  the  accuracy  of 
the  view  of  complete  decussation,  at  least  until  it  shall  have  received  full  con- 
firmation. The  new  view,  however,  is  fully  discussed  in  the  following  articles, 
to  which  the  reader  is  referred : 

Mandelstamm,  Ueber  Sehnervenkrewsung  und  JSemiopie. — Archiv  fur  OphthaL 
mdogiey  Berlin,  1878,  Bd.  xix.,  S.  89,  et  teq. 

Michel,  Ueber  den  Bau  det  Chiasma  nervorum  opticorum. — Ibid.,  S.  09, 
et$eq. 
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the  retina ;  and  two  pathological  cases  have  lately  been  re- 
ported by  Drs.  Keen  and  Thomson,  of  Philadelphia,  which 
go  to  show  that  this  is  the  fact,  and  which  illustrate  certain 
interesting  points  in  connection  with  the  decussation  of  the 
nerves.  One  was  a  case  of  gunshot-wound  of  the  head  with 
severe  injury  of  the  brain-substance.  This  case  presented, 
immediately  after  the  injury,  unconsciousness  and  partial 
paralysis  of  the  right  arm  and  right  leg,  which  lasted  two  or 
three  months.  About  a  year  after,  the  paralysis  had  almost 
entirely  disappeared,  but  the  memory  was  somewhat  im- 
V*J  U„£ZfaI  —tart.  of>  W  it  ™  — 
tained  that  the  field  of  vision  was  divided  in  each  eye  by  a 
vertical  line  passing  through  its  centre.  In  the  right  eye,  the 
inner  half  of  the  retina,  beginning  at  the  inner  border  of  the 
macula  lutea,  was  entirely  insensible  to  light.  In  the  left 
eye,  the  outer  half  of  the  retina,  beyond  the  macula,  was  in- 
sensible to  light.  No  pathological  appearances  were  ob- 
served on  examining  the  retinae  with  the  ophthalmoscope. 
The  second  case,  reported  by  Dr.  "W.  Thomson,  presented 
the  same  condition  following  partial  hemiplegia,  the  result  of 
sunstroke.  The  peculiar  affection  of  vision  in  these  cases, 
called  hemiopsia,  especially  as  illustrated  in  the  first  ease, 
reported  by  Dr.  Keen,  can  be  explained  by  assuming  the  fol- 
lowing as  the  course  of  the  decussating  fibres  of  the  optic 
tracts :  From  the  left  side  of  the  encephalon,  visual  fibres 
pass  to  the  right  eye,  supplying  the  inner  mathematical  half 
of  the  retina,  from  a  vertical  line  passing  through  the  macula 
lutea.  Visual  fibres  also  pass  to  the  left  eye,  supplying  the 
outer  half  of  the  retina,  beginning  at  the  macula  lutea.  The 
macula  lutea,  then,  and  not  the  point  of  entrance  of  the  optic 
nerve,  is  in  the  line  of  division  of  the  visual  field.  The 
outer  half  of  the  left  and  the  inner  half  of  the  right  retina 
are  supplied  by  fibres  from  the  left  side ;  and  the  outer  half 
of  the  right  and  the  inner  half  of  the  left  retina  are  sup- 
plied from  the  right  side.  Though  this  anatomical  arrange- 
ment has  not  been  actually  demonstrated,  it  is  rendered  ex- 
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oeedingly  probable  by  pathological  cases  like  those  just  cited.1 
In  the  case  reported  by  Dr.  Keen,  the  left  side  of  the  brain 
was  injured,  as  the  paralysis  occurred  in  the  right  leg  and 
arm. 

With  the  exception  of  the  few  filaments  derived  from 
what  have  been  described  as  the  gray  roots,  the  fibres  of  the 
optic  tracts  and  the  optic  nerves  are  of  the  medullated  vari- 
ety, and  present  no  differences  in  structure  from  the  ordinary 
cerebro-spinal  nerves. 

The  optic  commissure  is  covered  with  a  fibrous  membrane, 
and  is  consequently  more  resisting  than  the  optic  tracts. 
From  its  anterior  and  outer  border,  arise  the  optic  nerves, 
which  take  a  curved  direction  to  the  eyes.  The  nerves  are 
rounded,  and  are  enclosed  in  a  double  fibrous  sheath  derived 
from  the  dura  mater  and  the  arachnoid.  They  pass  into  the 
orbit  upon  the  two  sides  by  the  optic  foramina,  and  penetrate 
the  sclerotic  at  the  posterior,  inferior,  and  internal  portion  of 
the  globe.  As  the  nerves  enter  the  globe,  they  lose  their 
coverings  from  the  dura  mater  and  arachnoid.  The  sheath 
derived  from  the  dura  mater  is  adherent  to  the  periosteum 
of  the  orbit  at  the  foramen  opticum,  and  when  it  reaches  the 
globe  it  fuses  with  the  sclerotic  coat.  Just  before  the  nerves 
penetrate  the  globe,  they  each  present  a  well-marked  con- 
striction. At  the  point  of  penetration,  there  is  a  thin  but 
strong  membrane,  presenting  numerous  perforations  for  the 
passage  of  the  nervous  filaments.  This  membrane,  the  lami- 
na cribrosa,  is  in  part  derived  from  the  sclerotic,  and  in  part, 
from  the  coverings  of  the  individual  nerve-fibres,  which  lose 
their  investing  membranes  at  this  point.  In  the  interior  of 
each  eye,  there  is  a  little,  mammillated  eminence,  formed 
by  the  united  fibres  of  the  nerve.  The  retina,  with  which 
the  optic  nerve  is  connected,  will  be  described  as  one  of  the 
coats  of  the  eye. 

1  Keen  and  Thomson,  Guntkot- Wound  of  the  Brain,  followed  by  JFungue 
Cerebri,  and  Recovery  vrith  Hemiopeia,  Extracted  from  the  Photographic  Review 
of  Medicine  and  Surgery,  February,  1871. 
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In  the  centre  of  the  optic  nerve,  is  a  minute  canal,  lined 
by  fibrous  tissue,  in  which  is  lodged  the  central  artery  of  the 
retina  and  its  corresponding  vein,  with  a  delicate,  nervous  fila- 
ment from  the  ophthalmic  ganglion.  The  vessels  penetrate 
the  optic  nerve  a  little  (from  ^  to  J  of  an  inch)  behind  the 
globe.    The  central  canal  does  not  exist  behind  these  vessels. 

General  JPrqperties  of  the  Ojptio  Nerves. — There  is  very 
little  to  be  said  regarding  the  general  properties  of  the  optic 
nerves,  except  that  they  are  undoubtedly  the  only  nerves  ca- 
pable of  conveying  tQ  the  cerebrum  the  special  impressions 
of  sight,  and  that  they  are  not  endowed  with  general  sensi- 
bility. 

That  the  optic  nerves  are  the  only  nerves  of  sight,  there 
can  be  no  doubt.  Their  division  or  injury  always  involves 
loss  or  impairment  of  vision,  directly  corresponding  with  the 
lesion.1  It  is  interesting,  however,  to  note  that  they  are  ab- 
solutely insensible  to  ordinary  impressions.  "  We  can,  in  a 
living  animal,  pinch,  cauterize,  cut,  destroy  in  any  way  the 
optic  nerve  without  giving  rise  to  the  slightest  painful  sensa- 
tion ;  whether  it  be  taken  before  or  after  its  decussation,  it 
seems  completely  insensible  in  its  entire  length."  * 

Not  only  are  the  optic  nerve  and  retina  insensible  to  pain, 
but  any  irritation  produces  the  impression  of  light.  This 
was  stated  in  the  remarkable  paper,  Idea  of  a  New  Anatomy 
cf  the  Brain,  printed  by  Charles  Bell,  in  1811.a  A  few 
years  later,  Magendie,  in  operating  for  cataract,  passed  the 

1  In  1828,  Magendie,  Influenced  probably  by  his  favorite  theory  that  the 
fifth  .pair  of  nerves  was  necessary  to  the  perfect  operation  of  all  the  special 
senses,  reported  two  cases  of  atrophy  of  the  optic  nerves,  without  complete  loss 
of  sight,  and  assumed,  as  a  possibility,  that  sight  might  be  retained  to  a  limited 
degree,  when  the  optic  nerves  had  been  gradually  destroyed.  This  view  does 
not  merit  discussion,  and  is  simply  one  of  the  curiosities  of  physiological  litera- 
ture. (Maokndik,  La  vue  peut-eUe  tore  conservSe  malarS  de  destruction  des  nerfs 
cptiques? — Journal  de  physiologic,  Paris,  1828,  tome  viii,  p.  27.) 

*  Lonqkt,  TraiU  de  physiologic,  Paris,  1869,  tome  iii.,  p.  479. 

•  Bell,  Idea  of  a  New  Anatomy  of  the  Brain,  London,  18H.~Document$ 
and  Dates  of  Modern  Discoveries  in  the  Nervous  System,  London,  1889,  p.  43. 
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needle  to  the  bottom  of  the  eye  and  irritated  the  retina,  in 
two  persons.  The  patients  experienced  no  pain,  bnt  the  im- 
pression of  flashes  of  light.1  The  insensibility  of  the  optic 
nerves  has  also  been  repeatedly  noted  in  surgical  operations 
in  which  the  nerves  have  been  exposed.*  If  a  current  of  gal- 
vanism be  passed  through  the  optic  nerves,  a  sensation  of 
light  is  experienced.*  The  same  phenomenon  is  observed 
when  the  eyeball  is  pressed  upon  or  contused,  a  fact  which  is 
sufficiently  familiar. 

Physiological  Anatomy  of  the  Eyeball, 

The  eyeball  is  a  spheroidal  body,  partially  embedded  in  a 
cushion  of  fat  in  the  orbit,  protected  by  the  surrounding 
bony  structure  and  the  eyelids,  its  surface  bathed  by  the  se- 
cretion of  the  lachrymal  gland,  and  movable  in  various  direc- 
tions by  the  action  of  certain  muscles.  When  the  axis  of  the 
eye  is  directed  forward,  the  globe  has  the  form  of  a  sphere 
in  its  posterior  fivenrixths,  with  the  segment  of  a  smaller 
sphere  occupying  its  anterior  sixth.  The  segment  of  the 
smaller  sphere,  bounded  externally  by  the  cornea,  is  more 
prominent  than  the  rest  of  the  surface. 

The  eyeball  is  made  up  of  several  coats  enclosing  certain 
refracting  media.  The  external  coat  is  the  sclerotic,  covering 
the  posterior  five-sixths,  which  is  continuous  with  the  cornea, 
covering  the  anterior  sixth.  This  is  a  dense,  opaque,  fibrous 
membrane,  for  the  protection  of  the  inner  coats  and  contents. 
The  cornea  is  dense,  resisting,  and  perfectly  transparent. 
The  muscles  that  move  the  globe  of  the  eye  are  attached  to 
the  sclerotic. 

"Were  it  not  for  the  prominence  of  the  cornea,  the  eyeball 
would  present  very  nearly  the  form  of  a  perfect  sphere,  as 

1  Maoendib,  Sur  Nneentibilite  de  la  retina  de  Vhomme.— Journal  dephyrioto- 
ate,  Paris,  1825,  tome  ▼.,  p.  87,  et  seq. 

*  Loxget,  Phytiologie,  Paris,  1869,  tome  iiL,  p.  479. 

*  Meter,  Electricity  in  it*  Relations  to  Practical  Medicine,  New  York,  1869, 
p.  69. 
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will  be  seen  by  the  following  measurements  of  its  various 
diameters ;  bat  the  prominence  of  its  anterior  sixth  gives  the 
greatest  diameter  in  the  anteroposterior  direction. 

The  form  and  dimensions  of  the  globe  are  subject  to 
considerable  variations  after  death,  by  evaporation  of  the 
humors,  emptying  of  vessels,  etc.,  and  there  is  no  way  in 
which  the  normal  conditions  can  be  restored.1  The  most 
exact  measurements  are  those  made  by  Sappey.  As  an  illus- 
tration of  the  post-mortem  changes  in  the  eye,  Sappey  men- 
tions comparative  measurements  made  three  hours  and  twen- 
ty-four hours  after  death,  the  results  of  which  presented  very 
considerable  differences. 

In  measurements  made  by  Sappey,  apparently  with  great 
care  and  accuracy,  from  one  to  four  hours  after  death,  of  the 
eyes  of  twelve  adult  females  and  fourteen  adult  males  of  dif- 
ferent ages,  the  following  mean  results  were  obtained :  * 


Diameters— Inch. 

r 

Ant-post. 

Transrene. 

Vertical. 

Oblique. 

Mean  of  12  females,  from 

18  to  81  years  of  age. . 

Mean  of  14  males,  from  20 

0-941 
0*968 

0-911 
0*941 

0-905 
0-925 

0*937 
0*949 

From  these  results,  it  is  seen  that  the  diameters  are  all 
less  in  the  female  than  in  the  male.  The  antero-posterior 
diameter  is  the  greatest  of  all,  and  the  vertical  diameter  is 
the  least.  The  measurements  at  different  ages,  not  cited  in 
the  table  just  given,  show  that  the  excess  of  the  antero-poste- 
rior diameter  over  the  others  is  diminished  by  age. 

Sclerotic  Coat. — The  sclerotic  is  the  dense,  opaque,  fibrous 
covering  of  the  posterior  five-sixths  of  the  eyeball.  Its  thick- 
ness is  different  in  different  portions.    At  the  point  of  pene- 

1  It  is  for  the  above  reason  that  we  reject  the  measurements  made  by  Krause, 
which  are  bo  often  cited  in  works  on  the  anatomy  and  physiology  of  the  eye. 
*  SOFFIT,  Trcdtf  (Tanatomie,  Paris,  1871,  tome  iii.v  p.  708. 
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tration  of  the  optic  nerve,  it  measures  ^  of  an  inch.  It  is 
thinnest  at  the  middle  portion  of  the  eye,  measuring  about  * 
of  an  inch,  and  is  a  little  thicker  again  near  the  cornea.  This 
membrane  is  composed  chiefly  of  bundles  of  ordinary  connec- 
tive tissue.  The  fibres  are  slightly  wavy,  and  arranged  in 
flattened  bands,  which  are  alternately  longitudinal  and  trans- 
verse, giving  the  membrane  a  lamellated  appearance,  though 
it  cannot  be  separated  into  distinct  layers.  Mixed  with 
these  bands  of  connective-tissue  fibres,  are  numerous  small 
fibres  of  elastic  tissue.  The  vessels  of  the  sclerotic  are  scanty. 
They  are  derived  from  the  ciliary  vessels  and  those  of  the 
muscles  of  the  eyeball.  The  tissue  of  the  sclerotic  yields  gela- 
tine on  boiling. 

Cornea. — The  cornea  is  the  transparent  membrane  which 
covers  about  the  anterior  sixth  of  the  globe  of  the  eye.  As 
before  remarked,  this  is  the  most  prominent  portion  of  the 
eyeball,  and  is  in  the  form  of  a  segment  of  a  sphere  attached 
by  its  borders  to  the  segment  of  the  larger  sphere  formed  by 
the  sclerotic.  The  thickness  of  the  cornea  is  about  -^  of  an  inch 
in  its  central  portion,  and  about  ^  of  an  inch  near  its  periph- 
eiy.  Its  substance  is  composed  of  transparent  fibres,  ar- 
ranged in  incomplete  layers,  something  like  the  layers  of  the 
sclerotic.    It  yields  chondrine,  instead  of  gelatine,  on  boiling. 

Upon  the  external,  or  convex  surface  of  the  cornea,  are 
several  layers  of  delicate,  transparent,  nucleated  epithelium. 
The  most  superficial  cella  are  flattened ;  the  middle  cells  are 
rounded ;  and  the  deepest  cells  are  elongated  and  arranged 
perpendicularly.  These  cells  become  slightly  opaque  and 
whitish  after  death.  Just  beneath  the  epithelial  covering  of 
the  cornea,  is  a  very  thin,  transparent  membrane,  described 
by  Bowman  under  the  name  of  the  "anterior  elastic  la- 
mella." *  This  membrane,  with  its  cells,  is  a  continuation  of 
the  conjunctiva. 

1  Todd  and  Bowman,  The  PhytiologicaL  Anatomy  and  Phytiology  of  Jftm, 
Philadelphia,  1857,  p.  404. 
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The  proper  corneal  membrane  is  composed  of  excessively 
pale,  flattened  bundles  of  fibres,  interlacing  each  other  in  every 
direction-  Their  arrangement  is  lameliated,  though  they  can- 
not be  separated  into  complete  and  distinct  layers.  Between 
the  bundles  of  fibres,  lie  a  great  number  of  stellate,  anasto- 
mosing, connective-tissue  corpuscles.  In  these  cells  and  in  the 
intervals  between  the  fibres,  there  is  a  considerable  quantity 
of  transparent  liquid.  The  fibres  constituting  the  substance 
of  the  cornea  are  continuous  with  the  fibrous  structure  of  the 
sclerotic,  from  which  they  cannot  be  separated  by  maceration. 
At  the  margin  of  the  cornea,  the  opaque  fibres  of  the  scle- 
rotic became  abruptly  transparent.  The  corneal  substance  is 
very  tough,  and  will  resist  a  pressure  sufficient  to  rupture 
the  sclerotic. 

Upon  the  posterior,  or  concave  surface  of  the  cornea,  is 
the  membrane  of  Descemet,  or  of  Demours,  elastic,  transpar- 
ent, structureless,  rather  loosely  attached,  and  covered  with  a 
single  layer  of  regularly-polygonal,  nucleated  epithelium.  At 
the  circumference  of  the  cornea,  a  portion  of  this  membrane 
passes  to  the  anterior  surface  of  the  iris,  in  the  form  of  nu- 
merous processes  which  constitute  the  ligamentum  iridis  pecti- 
natum ;  a  portion  passes  into  the  substance  of  the  ciliary  mus- 
cle, and  a  portion  is  continuous  with  the  fibrous  structure  of 
the  sclerotic. 

In  the  adult,  the  cornea  is  almost  without  blood-vessels, 
but  in  foetal  life  it  presents  a  rich  plexus  extending  nearly 
to  the  centre.  These  disappear,  however,  before  birth, 
leaving  a  very  few  delicate,  looped  vessels  at  the  extreme 
edge. 

A  great  deal  of  anatomical  interest  has  lately  been  at- 
tached to  the  cornea,  from  researches  showing  the  termina- 
tion of  the  fine  nerve-fibres  in  the  nuclei  of  the  posterior 
layer  of  the  epithelium  of  its  convex  surface,1  and  the  inves- 
tigation of  the  "lymph-spaces,"  by  the  use  of  certain  re- 
agents, the  demonstration  of  the  so-called  "  wandering  cells," 

1  See  toL  iv.,  Nervous  System,  p.  4&. 
134 
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etc.,  points  that  we  do  not  propose  to  consider.    It  is  well 
known  that  the  surface  of  the  cornea  is  exquisitely  sensitive. 

Choroid  Coat. — Calling  the  sclerotic  and  the  cornea  the 
first  coat  of  the  eyeball,  the  second  is  the  choroid,  with  the 
ciliary  processes,  the  ciliary  muscle,  and  the  iris.  This  was 
called  by  the  older  anatomists  the  uvea,  a  name  which  was 
later  applied,  sometimes  to  the  entire  iris,  and  sometimes  to 
its  posterior,  or  pigmentary  layer.  We  shall  describe,  how- 
ever, the  choroid  and  ciliary  processes  together  as  the  second 
coat,  and  then  take  up  the  ciliary  muscle  and  the  iris. 

The  choroid  is  distinguished  from  the  other  coats  of  the 
eye  by  its  dark  color  and  its  great  vascularity.  It  occupies 
that  portion  of  the  eyeball  corresponding  to  the  sclerotic.  It 
is  perforated  posteriorly  by  the  optic  nerve,  and  is  connected 
in  front  with  the  iris.  It  is  very  delicate  in  its  structure,  and 
is  composed  of  two  or  three  distinct  layers.  Its  thickness  is 
from  ^  to  jf  of  an  inch.  Its  thinnest  portion  is  at  about 
the  middle  of  the  eye.  Posteriorly,  it  is  a  little  thicker. 
Its  thickest  portion  is  at  its  anterior  border. 

The  external  surface  of  the  choroid  is  connected  with  the 
sclerotic  by  vessels,  nerves  (the  long  ciliary  arteries  and  the 
ciliary  nerves),  and  very  loose  connective  tissue.  This  is 
sometimes  called  the  membrana  fusca,  though  it  can  hardly 
be  called  a  distinct  layer.  It  contains,  in  addition  to  the 
vessels,  nerves,  and  fibrous  tissue,  a  few  irregularly-shaped 
pigment-cells. 

The  rest  of  the  choroid  is  composed  of  two  distinct  lay- 
ers ;  an  external,  vascular,  and  an  internal,  pigmentary  layer. 
The  vascular  layer  consists  of  numerous  arteries,  veins,  and 
capillaries,  arranged  in  a  peculiar  manner.  The  layer  of  ca- 
pillary vessels,  which  is  internal,  is  sometimes  called  the  middle 
layer  of  the  choroid,  or  the  tunica  Ruyschiana.  The  arteries, 
which  are  derived  from  the  posterior  short  ciliary  arteries  and 
are  connected  with  the  capillary  plexus,  lie  just  beneath  the 
pigmentary  layer.    The  plexus  of  capillaries  is  closest  at  the 
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posterior  portion  of  the  membrane.  The  veins  are  external 
to  the  other  vessels.  They  are  very  numerous  and  are  dis- 
posed in  curves  converging  to  four  trunks.  This  arrange- 
ment gives  the  veins  a  very  peculiar  appearance,  and  they 
have  been  called  the  vasa  vorticosa. 

The  pigmentary  portion  is  composed,  over  the  greatest 
part  of  the  choroid,  of  a  single  layer  of  regularly-polygonal 
cells,  somewhat  flattened,  measuring  from  -^tn  *°  rsW  °f  BJ1 
inch  in  diameter.  These  cells  are  filled  with  pigmentary 
granulations  of  uniform  size,  and  give  to  the  membrane  its 
characteristic  dark-brown  or  chocolate  color.  The  pigmen- 
tary granules  in  the  cells  are  less  numerous  near  their  centre, 
where  a  clear  nucleus  can  readily  be  observed.  In  the  an- 
terior portion  of  the  membrane,  in  front  of  the  anterior 
limit  of  the  retina,  the  cells  are  smaller,  more  rounded,  more 
completely  filled  with  pigment,  and  present  several  layers. 
Beneath  the  layer  of  hexagonal  pigment-cells,  the  intervascular 
spaces  of  the  choroid  are  occupied  by  stellate  pigment-cells. 

Ciliary  Processes. — The  anterior  portion  of  the  choroid 
is  arranged  in  the  form  of  folds,  or  plaits  projecting  inter- 
nally, called  the  ciliary  processes.  The  largest  of  these  folds 
are  about  -fa  of  an  inch  in  length.  They  are  from  sixty  to 
eighty  in  number.  The  larger  folds  are  of  nearly  uniform 
size,  and  are  regularly  arranged  around  the  margin  of  the 
crystalline  lens.  Between  these  folds,  which  constitute  about 
two-thirds  of  the  entire  number,  are  smaller  folds,  lying, 
without  any  regular  alternation,  between  the  larger.  Within 
the  folds,  are  received  corresponding  folds  of  the  thick  mem- 
brane, continuous  anteriorly  with  the  hyaloid  membrane  of 
the  vitreous  humor,  called  the  zone  of  Zinn. 

The  ciliary  processes  present  blood-vessels,  which  are  some- 
what larger  than  those  of  the  rest  of  the  choroid.  The  pig- 
mentary cells  are  smaller  and  are  arranged  in  several  layers. 
The  anterior  border  of  the  processes  is  free,  and  contains 
little  or  no  pigment. 
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Ciliary  Muscle. — This  muscle,  formerly  known  as  the 
ciliary  ligament,  and  now  sometimes  called  the  tensor  of  the 
choroid,  is  almost  universally  recognized  by  physiologists  as 
the  agent  for  the  accommodation  of  the  eye  to  vision  at  dif- 
ferent distances.  Under  this  view,  the  ciliary  muscle  is  an 
organ  of  great  importance,  and  it  is  essential,  in  the  study  of 
accommodation,  to  have  an  exact  idea  of  its  relations  to  the 
coats  of  the  eye  and  to  the  crystalline  lens.  For  this  reason, 
we  shall  describe  its  arrangement  as  exactly  as  possible. 

The  form  and  situation  of  the  ciliary  muscle  are  as  fol- 
lows :  It  surrounds  the  anterior  margin  of  the  choroid,  in  the 
form  of  a  ring  about  \  of  an  inch  wide  and  fa  of  an  inch  in 
thickness  at  its  thickest  portion,  which  is  its  anterior  border. 
It  becomes  thinner  from  before  backward,  until  its  posterior 
border  apparently  fuses  with  the  fibrous  structure  of  the 
choroid.  It  is  semitransparent  and  of  a  grayish  color.  Its 
situation  is  just  outside  of  the  ciliary  processes,  these  pro- 
cesses projecting  in  front  of  its  anterior  border  about  fa  of 
an  inch. 

Regarding  the  anterior  border  of  this  muscle  as  its  origin 
and  the  posterior  border  as  its  insertion,  it  arises  in  front  from 
the  circular  line  of  junction  of  the  cornea  and  sclerotic,  from 
the  border  of  the  membrane  of  Descemet  and  the  ligamentum 
iridis  pectinatum.  Its  fibres,  which  are  chiefly  longitudinal, 
pass  backward  and  are  lost  in  the  choroid,  extending  some- 
what farther  back  than  the  anterior  limit  of  the  retina.  In 
addition,  a  net-work  of  circular  muscular  fibres  has  been  de- 
scribed lying  over  the  anterior  portion  of  the  ciliary  body,  at 
the  periphery  of  the  iris,  beneath  the  longitudinal  fibres ;  but 
these  are  regarded  by  Donders  as  simple  continuations  of  the 
innermost  layers  of  the  longitudinal  fibres,  which  gradu- 
ally assume  a  circular  direction,  not  meriting  description  as  a 
separate  muscle.1  Some  of  these  fibres  have  an  oblique  di- 
rection. 

1  Donders,  On  the  Anomalies  of  Accommodation  and  Refraction  of  ike  Bye, 
The  New  Sydenham  Society,  London,  1864,  p.  25. 
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Although  there  was  formerly  considerable  discussion  with 
regard  to  the  structure  of  the  ciliary  ligament,  or  muscle, 
there  can  now  be  scarcely  any  doubt  of  the  fact  that  it  is 
composed  mainly  of  muscular  fibres.  These  fibres,  anatom- 
ically considered,  belong  to  the  non-striated,  or  involuntary 
variety.  They  are  pale,  present  numerous  oval,  longitudinal 
nuclei,  and  have  no  striae. 

It  is  evident,  from  the  arrangement  of  the  fibres  of  the 
ciliary  muscle,  that  its  action  must  be  to  approximate  the 
border  of  connection  of  the  sclerotic  and  cornea  and  the  cir- 
cumference of  the  choroid,  compressing  the  vitreous  humor 
and  relaxing  the  suspensory  ligament  of  the  crystalline  lens. 
We  shall  see  farther  on  that  this  action  enables  the  lens  to 
change  its  form,  and  probably  adapts  its  curvature  to  vision  at 
different  distances.  The  nerves  of  the  ciliary  muscle  are  de- 
rived from  the  long  and  the  short  ciliary. 

Iris. — The  iris  corresponds  to  the  diaphragm  of  optical 
instruments,  except  that  its  orifice  is  capable  of  dilatation  and 
contraction.  It  is  a  circular  membrane,  situated  just  in  front 
of  the  crystalline  lens,  with  a  round  perforation,  the  pupil, 
near  its  centre.  It  is  called  the  uvea  by  some  anatomists, 
a  name  that  was  formerly  applied  to  the  iris  and  choroid  to- 
gether. 

The  attachment  of  the  greater  circumference  of  the  iris  is 
to  the  line  of  junction  of  the  cornea  and  sclerotic,  near  the 
origin  of  the  ciliary  muscle,  the  latter  passing  backward  to  be 
inserted  into  the  choroid,  and  the  former  passing  directly  over 
the  crystalline  lens.  The  diameter  of  the  iris  is  about  half 
an  inch.  The  pupil  is  subject  to  considerable  variations  in 
size.  When  at  its  medium  of  dilatation,  its  diameter  is  from 
\  to  -J-  of  an  inch.  The  pupillary  orifice  is  not  in  the  mathe- 
matical centre  of  the  iris,  but  is  situated  a  little  to  the  nasal 
side.  The  thickness  of  the  iris  is  a  little  greater  than  that  of 
the  choroid,  but  is  unequal  in  different  parts,  the  membrane 
being  thinnest  at  its  great  circumference  and  its  pupillary 
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border,  and  thickest  at  about  the  junction  of  its  inner  third 
with  the  outer  two-thirds.  It  slightly  projects  anteriorly  and 
divides  the  space  between  the  lens  and  the  cornea  into  two 
chambers,  anterior  and  posterior,  the  anterior  chamber  being 
much  the  larger.  Taking  advantage  of  a  property  of  the 
crystalline  lens,  called  fluorescence,  which  enables  us,  by  con- 
centrating upon  it  a  blue  light,  to  see  the  boundaries  in  the 
living  eye,  Helmholtz  has  demonstrated  that  the  posterior 
surface  of  the  iris  and  the  anterior  surface  of  the  lens  are 
actually  in  contact,1  except,  perhaps,  for  a  certain  distance 
near  the  periphery  of  the  iris.  This  being  the  caBe,  the  pos- 
terior  chamber  is  very  small,  and  only  exists  near  the  margins 
of  the  lens  and  the  iris. 

The  color  of  the  iris  is  very  different  in  different  indi- 
viduals. Its  anterior  surface  is  generally  very  dark  near  the 
pupil,  and  presents  colored  radiations  toward  its  periphery. 
Its  posterior  surface  is  of  a  dark-purple  color,  and  is  covered 
with  pigmentary  cells. 

The  entire  iris  presents  three  layers.  The  anterior  layer 
is  continuous  with  the  membrane  of  the  aqueous  humor.  At 
the  great  circumference,  it  presents  little  fibrous  prolonga- 
tions, forming  a  delicate  dentated  membrane,  called  the  liga- 
mentum  iridis  pectinatum.  The  membrane  covering  the 
general  anterior  surface  of  the  iris  is  extremely  thin,  and  is 
covered  by  cells  of  tessellated  epithelium.  Just  beneath  this 
membrane,  are  a  number  of  irregularly-shaped  pigmentary 
cells. 

The  posterior  layer  of  the  iris  is  very  thin,  easily  detached 
from  the  middle  layer,  and  contains  numerous  small  cells  ex- 
ceeding rich  in  pigmentary  granules.  Some  anatomists  rec- 
ognize this  membrane  only  as  the  uvea.' 

The  middle  layer  constitutes  by  far  the  greatest  part  of 

1  Helmholtz,  Des  progrh  ricents  dans  la  thtorie  de  la  vision. — Revue  dm 
court  9eimHfigtteif  Paris,  1868-1869,  tome  vi,  p.  217. 

•  The  name  uvea  was  applied,  at  one  time,  to  the  choroid  with  the  iris,  again 
to  the  iris  alone,  and  again  to  the  posterior,  or  pigmentary  layer  of  the  iris.  To 
avoid  confusion,  this  term  will  not  be  again  used. 


ANATOMY  OF  THE  EYEBALL.  53 

the  substance  of  the  iris.  It  is  composed  of  connective  tissue, 
muscular  fibres  of  the  non-striated  variety,  numerous  blood- 
vessels, and,  probably,  nerve-terminations.  From  a  physio- 
logical point  of  view,  the  arrangement  of  the  muscular  fibres 
is  the  most  interesting.  Directly  surrounding  the  pupil, 
forming  a  band  about  ^  of  an  inch  in  width,  is  a  layer  of 
non-striated  muscular  fibres,  called  the  sphincter  of  the  iris. 
The  existence  of  these  fibres  is  admitted  by  all  anatomists. 
It  is  different,  however,  for  the  radiating  muscular  fibres. 
Most  anatomists  describe,  in  addition  to  the  sphincter,  fibres 
of  the  same  variety,  which  can  be  traced  from  near  the  great 
circumference  of  the  iris  almost  to  its  pupillary  border,  lying 
both  in  front  of  and  behind  the  circular  fibres,  which  are,  as 
it  were,  enclosed  between  them.  A  few  observers  deny  that 
these  fibres  are  muscular ;  but  they  recognize  a  thick  muscular 
layer  surrounding  the  arteries  of  the  iris.  This  is  merely  a  ques- 
tion of  observation ;  but  the  weight  of  anatomical  authority 
is  greatly  in  favor  of  the  existence  of  the  radiating  fibres ;  and 
their  presence  explains  certain  of  the  phenomena  of  dilatation 
of  the  iris  which  would  otherwise  be  difiicult  to  understand. 

The  blood-vessels  of  the  iris  are  derived  from  the  arteries 
of  the  choroid,  the  long  posterior  ciliary,  and  the  anterior 
ciliary  arteries.  The  long  ciliary  arteries  are  two  branches, 
running  along  the  sides  of  the  eyeball  between  the  sclerotic 
and  choroid,  to  form,  finally,  a  circle  surrounding  the  iris. 
The  anterior  ciliary  arteries  are  derived  from  the  muscular 
branches  of  the  ophthalmic.  They  penetrate  the  sclerotic  a 
little  behind  the  iris,  and  join  the  long  ciliary  arteries  in  the 
vascular  circle.  From  this  circle,  the  vessels  branch  and  pass 
into  the  iris,  to  form  a  smaller  arterial  circle  around  the  pupil. 
The  veins  from  the  iris  empty  into  a  circular  sinus  situated 
at  the  junction  of  the  cornea  with  the  sclerotic.  This  is 
sometimes  spoken  of  as  the  circular  venous  sinus,  or  the  canal 
of  Schlemm. 

The  nerves  of  the  iris  are  the  long  ciliary,  from  the  fifth 
cranial,  and  the  short  ciliary,  from  the  ophthalmic  ganglion. 
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Pupillary  Membrane. — At  a  certain  period  of  foetal  life, 
the  pupil  is  closed  by  a  membrane  connected  with  the  lesser 
circumference  of  the  iris,  called  the  pupillary  membrane. 
This  is  not  distinct  during  the  first  months ;  but,  between  the 
third  and  the  fourth  months,  it  is  readily  seen,  and  is  most 
apparent  at  the  sixth  month.  The  membrane  is  thin,  trans- 
parent, and  completely  separates  the  anterior  from  the  pos- 
terior chamber  of  the  eye.  It  is  provided  with  vessels  de- 
rived from  the  arteries  of  the  iris,  anastomosing  with  each 
other  and  turning  back  in  the  form  of  loops  near  the  centre. 
At  about  the  seventh  month,  it  begins  to  give  way  at  the 
centre,  gradually  atrophies,  and  generally  scarcely  a  trace  of 
it  can  be  seen  at  birth. 

Retina. — The  retina  is  described  by  anatomists  as  the 
third  tunic  of  the  eye.  It  is  closely  connected  with  the  optic 
nerve,  and  the  most  important  structures  entering  into  its 
composition  are  probably  continuous  with  prolongations  from 
the  nerve-cells.  This  is  the  membrane  endowed  with  the 
special  sense  of  sight,  the  other  structures  in  the  eye  being 
accessory. 

There  is  probably  no  special  tissue  in  the  organism  that  has 
been  the  subject  of  anatomical  investigations  so  minute  and 
elaborate  as  those  made  of  late  years  upon  the  retina.  This 
membrane  is  divided  by  some  observers  into  no  less  than  eight 
distinct  layers,  each  of  which  may  be  found  described  in  spe- 
cial treatises,  with  the  greatest  minuteness  of  detail.  It  is 
true  that  a  knowledge  of  the  physiological  anatomy  of  the 
retina  is  indispensable,  in  the  study  of  vision ;  but,  in  the  com- 
plex structure  of  this  membrane,  there  are  parts  that  seem  to 
be  the  actual  recipients  of  visual  impressions,  while  others 
are  more  or  less  accessory.  In  our  anatomical  descriptions, 
we  shall  endeavor  to  avoid  the  tediousness  of  unnecessary  de- 
tail, and  shall  treat  elaborately  of  those  anatomical  elements 
only  that  are  directly  concerned  in  the  sense  of  sight. 

If  the  sclerotic  and  choroid  be  removed  from  the  eye  un- 
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der  water,  the  retina  is  seen,  in  perfectly  fresh  specimens,  in 
the  form  of  an  exceedingly  delicate  and  transparent  mem- 
brane covering  the  posterior  portion  of  the  vitreous  humor. 
A  short  time  after  death,  it  becomes  slightly  opaline.  It 
extends  over  the*  posterior  portion  of  the  eyeball  to  a 
distance  of  about  -^  of  an  inch  behind  the  ciliary  processes. 
When  torn  from  its  anterior  attachment,  it  presents  a  finely- 
serrated  edge,  called  the  ora  serrata.  This  edge  adheres  very 
closely,  by  mutual  interlacement  of  fibres,  to  the  zone  of 
Zinn.  In  the  middle  of  the  membrane,  its  thickness  is  about 
^b  of  an  inch.  It  becomes  thinner  near  the  anterior  mar- 
gin,  where  it  measures  only  about  -j-J^  of  an  inch.  Its  ex- 
ternal surface  is  in  contact  with  the  choroid,  and  its  internal, 
with  the  hyaloid  membrane  of  the  vitreous  humor. 

The  optic  nerve  penetrates  the  retina-  about  %  of  an  inch 
within  and  ^  of  an  inch  below  the  antero-posterior  axis  of 
the  globe,  presenting,  at  this  point,  a  small,  rounded  eleva- 
tion upon  the  internal  surface  of  the  membrane,  perforated 
in  its  centre  for  the  passage  of  the  central  artery  of  the  retina. 
At  from  -^  to  £  of  an  inch  external  to  the  point  of  pene- 
tration of  the  nerve,  is  an  elliptic  spot,  its  long  diameter  being 
horizontal,  about  i  of  an  inch  long  and  -^  of  an  inch  broad, 
called  the  yellow  spot  of  Sommerring,  or  the  macula  lutea. 
In  the  centre  of  this  spot,  is  a  depression,  called  the  fovea  cen- 
tralis. This  depression  is  exactly  in  the  axis  of  vision.  The 
yellow  spot  exists  only  in  man  and  the  quadrumana. 

The  layers  of  the  retina  which  present  the  greatest  physi- 
ological interest  are  the  external  layer,  formed  of  rods  and 
cones,  the  layer  of  nerve-cells,  and  the  filaments  which  con 
nect  the  rods  and  cones  with  the  cells.  These  are  the  only 
anatomical  elements  of  the  retina,  as  far  as  we  know,  that  are 
directly  concerned  in  the  reception  of  optical  impressions,  and 
they  will  be  described  rather  minutely,  while  the  intermediate 
layers  will  be  considered  more  briefly. 

Most  modern  anatomists  recognize  eight  distinct  layers  in 
the  retina,  as  follows : 
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1.  An  external  layer,  situated  next  the  choroid,  called  Ja- 
cob's membrane,  the  bacillar  membrane,  or  the  layer  of  rods 
and  cones. 

2.  The  external  grannie-layer. 

3.  The  inter-granule  layer  (cone-fibre  plexus,  of  Hulke). 

4.  The  internal  granule-layer. 

5.  The  granular  layer. 

6.  The  layer  of  nerve-cells  (ganglion-layer). 

7.  The  expansion  of  the  fibres  of  the  optic  nerve. 

8.  The  limitary  membrane. 

The  layer  of  rods  and  cones  is  composed  of  rods,  or  cylin- 
ders, extending  through  its  entire  thickness,  closely  packed, 
and  giving  to  the  external  surface  a  regular,  mosaic  appear- 
ance ;  and,  between  these,  are  a  greater  or  less  number  of  flask- 
shaped  bodies,  the  cones.  This  layer  is  about  -g^r  °^  an  "1C^1 
in  thickness  at  the  middle  of  the  retina;  ffa  of  an  inch, 
about  midway  between  the  centre  and  the  periphery ;  and, 
near  the  periphery,  about  -^  of  an  inch.  At  the  macula 
lutea,  the  rods  are  wanting,  and  the  layer  is  composed  en- 
tirely of  cones,  which  are  here  very  much  elongated.  Over 
the  rest  of  the  membrane,  the  rods  predominate,  and  the 
cones  become  less  and  less  numerous  toward  the  periphery. 

The  rods  are  regular  cylinders,  their  length  corresponding 
to  the  thickness  of  the  layer,  terminating  above  in  truncated 
extremities,  and  below  in  points,  which  are  probably  continu- 
ous with  the  filaments  of  connection  with  the  nerve-cells, 
though  they  have  been  actually  traced  only  into  the  exter- 
nal granule-layer.  Their  diameter  is  about  18fl0fl  of  an  inch. 
They  are  clear,  of  rather  a  fatty  lustre,- soft  and  pliable,  but 
somewhat  brittle,  and  so  alterable  that  they  are  with  difficulty 
seen  in  a  natural  state.  They  should  be  examined  in  perfect- 
ly fresh  preparations,  moistened  with  liquid  from  the  vitreous 
humor  or  with  serum.  Their  intimate  structure,  as  well 
as  that  of  the  cones,  has  recently  been  very  closely  studied, 
especially  by  German  anatomists.1    When  perfectly  fresh,  it 

1  An  excellent  review  of  the  recent  investigations  into  the  anatomy  of  the 
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Fig.  2. 


A. 


is  difficult  to  make  out  any  thing  but  an  entirely  homogene- 
ous structure ;  but  shortly  after  death  each  rod  seems  to  be 
divided  by  a  delicate  line  into  an  outer  and  an  inner  seg- 
ment, the  outer  being  a  little  the  longer.  At  the  upper  ex- 
tremity of  the  inner  segment,  is  a 
hemispherical  body,  with  its  con- 
vexity, presenting  inward,  called 
the  lentif orm  body  (HnaenflSrrrri- 
ger  JKorper).  The  entire  inner 
legraeTZ  somewhat  granular, 
and  often  presents  a  granular  nu- 
cleus at  its  inner  extremity.  The 
outer  segment  apparently  differs 
in  its  constitution  from  the  inner 
segment,  and  is  not  similarly  af- 
fected by  reagents.  Treated  with 
dilute  acetic  acid,  the  outer  seg- 
ment becomes  broken  up  trans- 
versely into  thin  disks.  These 
points  in  the  anatomy  of  the  rods 
are  referred  to  particularly,  for 
the  reason  that  they  have  lately 
been  used  as  an  anatomical  basis 
for  a  theory  of  the  perception  of 
colors.1  They  can  be  readily  un- 
derstood by  reference  to  Fig.  2. 

The  cones  are  probably  of  the  same  constitution  as  the 
rods,  but  that  portion  called  the  inner  segment  is  pyrif  orm. 
The  straight  portion  above  (the  outer  segment)  is  sometimes 
called  the  cone-rod.     The  entire  cones  are  about  half  the 

retina  is  to  be  found  in  the  Journal  de  Vanatomie,  Paris,  1869,  tome  vi,  pp.  488, 
543,  648.  As  regards  the  structure  of  the  rods  and  cones,  the  views  of  Schultze 
are  now  pretty  generally  accepted  by  anatomists.  (Schultze,  Veber  Stabchen  und 
Zapfm  der  Itetina.—Archiv  fur  mikroskopische  Anatomie,  Bonn,  1867,  Bd.  iii, 
&  215,  et  $eq.) 

1  Zkkkkr,  Versuch  einer  Theorie  der  Farben-Perception. — ArcfdvfUr  mihro- 
scopische  Anatomu,  Bonn,  1867,  Bd.  iii.,  S.  248,  et  *eq. 


From  the  monkey.— A.  Rods,  after  ma- 
ceration in  Iodized  serum,  the  outer 
segment  (b)  truncated,  the  Inner  seg- 
ment (a)  coagulated,  granular,  and 
somewhat  swollen;  e,  filament  of 
the  rods ;  d,  nucleus.  B.  Bods  from 
the  frog.  1.  Fresh,  magnified  600 
diameters,  a,  Inner  segment;  0, 
outer  segment;  c,  lentifortn  body; 
(2,  nucleus.  2.  Treated  with  dilute 
acetic  acid  and  broken  up  into  plates, 
magnified  1,000  diameters.  Taken 
from  Schultze's  figures.  (KOlli- 
Handbneh  der  Geveodehret 


Leipzig,  1867,  8.  670.) 
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length  of  the  rods,  and  occupy  the  inner  portion  of  the  layer. 
The  outer  segment  is,  in  its  constitution,  precisely  like  the 
outer  segment  of  the  rods.  The  inner  segment  is  slightly 
granular  and  contains  a  nucleus.  The  cones  are  connected 
below  with  filaments  passing  into  the  deeper  layers  of  the 
retina.  The  arrangement  of  the  rods  and  cones  is  seen  in 
Fig.  3,  which  shows  the  different  layers  of  the  retina. 

At  the  fovea  centralis,  the  external  layer  is  composed  en- 
tirely of  immensely  elongated  cones,  with  no  rods.  These  are 
slightly  increased  in  thickness  at  the  macula  lutea,  but  are 
diminished  again  in  thickness,  by  about  one-half,  at  the  fo- 
vea centralis.1  At  the  fovea,  the  optic  nerve-fibres  are  want- 
ing ;  the  ganglion-cells,  which  are  elsewhere  over  the  retina 
in  a  single  layer,  here  present  from  six  to  eight  layers,  ex- 
cept at  the  very  centre,  where  there  are  but  three  layers. 
Of  the  layers  between  the  cones  and  the  ganglion-cells,  the 
external  granule-layer  and  the  inter-granule  layer  (cone-fibre 
plexus)  remain,  in  the  fovea,  while  the  internal  granule-layer 
and  the  granular  (molecular)  layer  are  wanting.  At  the  fo- 
vea, indeed,  those  elements  of  the  retina  which  may  be  re- 
garded as  purely  accessory  seem  to  disappear,  leaving  only 
the  structures  that  are  concerned  directly  in  the  reception  of 
visual  impressions. 

The  external  granule-layer  is  composed  of  large  granules, 
looking  like  cells,  which  are  each  nearly  filled  with  a  single 
nucleus.  These  are  connected  with  the  filaments  from  the 
rods  and  cones.  They  are  rounded  or  ovoid,  and  measure 
from  isftoo  to  g(fo0  of  an  inch  in  diameter.  The  inter- 
granule  layer  (cone-fibre  plexus)  is  composed  apparently  of 
minute  fibrfflse  and  a  few  nuclei.  The  internal  granule-layer 
is  composed  of  cells  nearly  like  those  of  the  external  granule- 
layer,  but  a  little  larger,  and  probably  connected  with  the 
filaments  of  the  rods  and  cones.  The  granular  (molecular) 
layer  is  situated  next  the  layer  of  ganglion-cells. 

The  layer  of  ganglion-cells  is  composed  of  multipolar 

1  Bchtltzk,  Zur  Anatomie  und  Physiologie  der  Retina*  Bonn,  1866,  &  52. 
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cells,  like  those  in  the  brain,  measuring  from  wr/Vo"  to  ^fa 
of  an  inch  in  diameter.    In  the  centre  of  the  retina,  at  the 
macula  lutea,  the  cells  present  eight  lay- 
ers, and  they  dimmish  to  a  single  layer  i,a  s' 
near  the  periphery.  The  smaller  cells  are 
situated  near  the  centre,  and  the  larger,  1 
near  the  periphery.    Each  cell  sends  off 
several  filaments  (from  two  to  twenty- 
five)  probably  going  to  the  layer  of  rods  ■ 
and  cones,  and  a  single  filament,  which 
becomes  continuous  with  one  of  the  fila- 
ments of  the  optic  nerve. 

The  layer  formed  by  the  expansion 
of  the  optic  nerve  is  composed  of  pale, 
transparent  nerve-fibres,  from  Tu)00  to  l 

YzhsTF  °f  an  mcn  *n  diameter.    These  , 

do  not  call  for  special  description. 

The  limitary  membrane  is  a  delicate 
structure,  with  fine  stria}  and  nuclei,  com-  ' 

posed  of  connective-tissue  elements.  It 
is  about  irtmr  of  w  inch  in  thickness. 
From  this  membrane,  connective-tissue 
elements  are  sent  into  the  various  layers 
of  the  retina,  and  form  a  framework  for 
the  support  of  the  other  structures.' 

As  before  remarked,  the  retina  be- 
comes progressively  thinner  from  the 
centre  to  the  periphery.  The  granular 
layers  and  the  nervous  layers  are  rapidly 
lost  in  the  anterior  half  of  the  membrane. 

The  connection  between  die  rods 
and  cones  and  the  ganglion-cells  may  be 

1  It  is  only  of  late  years  that  the  connective-tissue  elements  of  tbe  retina 
hare  been  accurately  recognized.  Formerly,  much  confusion  existed  becsuao 
these  elements  were  confounded  with  the  elements  of  tr 
fibres  of  Huller  undoubtedly  belong  to  connective  tissue. 


Perpeoiltcalir  lection  of  the 

Hum  anterior  to  the  en- 
trance of  the  optic  nerve, 
magnified  360  times.— 1. 
baclllnr  layer:  2,  extern*! 
grannie  -  [ivor ;  8.  Inter- 
gmiiiue  layer  {cene-Dbrtt 
plena);  4,  Internal gran- 
alc-larer;  S,  finely  gran- 
ular gray  layer;  (.layer 
of  nerve-cells;  7.  fibres 
of  the  optic  nerve;  3, 
the  membrann  Italians. 
(KOllimb,  Manual  qf 
Bum  an  MlcTOKopic 
Anatomy,  London,  loan, 


readily  understood  if  we  accept  the  following  explanation : 
The  filaments  from  the  bases  of  the  rods  and  cones  pass  in- 
ward, presenting,  in  their  course,  the  corpusclee  which  we 
have  described  in  the  granule-layers,  and  finally  become,  as  is 
thought,  directly  continuous  with  the  poles  of  the  ganglion- 
cells.  The  cells,  in  their  turn, 
*■*  *■  each  send  one  filament  to 

the  layer  formed  by  the  ex- 
pansion of  the  optic  nerve, 
which  is  continuous  with  a 
nerve -fibre.  This  arrange- 
ment is  shown  in  Fig.  4. 

The  arteries  of  the  retina 
branch  from  the  arteria  cen- 
tralis, presenting  a  beauti- 
fully arborescent  appearance 
when  viewed  with  the  oph- 
thalmoscope. They  pass  into 
the  layer  of  gray  nervous  mat- 
ter and  send  their  branches 
to  the  periphery,  where  they 
supply  a  wide  plexus  of  very 
small  capillaries  in  the  ora  ser- 
rata.  The  capillaries  empty 
into  an  incomplete  venous 
circle,  branches  from  which 
pass  back  by  the  sides  of  the 
arteries  to  the  vena  centra- 
lis. The  macula  lutea  is  pro- 
vided with  a  rich  plexus  of 
minute  capillaries. 

Crystallme  Lens. — The  anatomy  of  the  crystalline  lens, 
as  far  as  it  bears  upon  the  physiology  of  vision,  is  very  sim- 
ple. It  is  a  double-convex  lens,  transparent,  and  exceedingly 
elastic.    It  has  a  function  in  the  refraction  of  the  rays  of 


with  the  true  aemmi  elements  of  Urn  reti- 
na, (KOiaimh,  IlundlwJi  dtr  Gfulit- 
lehre,  LelpBg,  18OT,  B.  184.) 
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light  analogous  to  the  action  of  convex  lenses  in  optical  in- 
struments. When  we  come  to  study  its  exact  structure,  how- 
ever, there  are  many  points  that  are  still  undetermined  and 
somewhat  obscure ;  but,  fortunately,  these  are  not,  as  far  as 
we  now  know,  of  much  physiological  importance.  In  treat- 
ing of  the  anatomy  of  the  lens,  we  shall  simply  describe  the 
most  prominent  and  the  well-determined  points  in  its  struct- 
ure. A  complete  account  of  the  arrangement  of  its  compo- 
nent parts  would  necessitate  very  full  and  minute  descrip- 
tions, which  could  only  be  elucidated  by  numerous  illustrative 
figures. 

The  lens  is  situated  behind  the  pupil,  in  what  is  called  the 
hyaloid  fossa  of  the  vitreous  humor,  which  is  exactly  moulded 
to  its  posterior  convexity.  In  the  foetus,  the  capsule  of  the 
lens  receives  a  branch  from  the  arteria  centralis ;  but  it  is  non- 
vascular in  the  adult.  The  anterior  convexity  is  just  behind 
the  iris,  and  the  borders  are  in  relation  with  what  is  known 
as  the  suspensory  ligament.  The  convexities  do  not  present 
regular  curves,  and  they  are  so  subject  to  variations  after 
death  that  the  measurements,  post  mortem,  are  of  little  value. 
During  life,  however,  they  have  been  measured  very  exactly 
in  the  various  conditions  of  accommodation.  These  measure- 
ments will  be  discussed  fully  in  connection  with  the  physi- 
ology of  the  lens. 

The  diameters  of  the  lens  in  the  adult  are  about  $  of  an 
inch  transversely  and  J  of  an  inch  antero-posteriorly.  The  con- 
vexity is  greater  on  its  posterior  than  on  its  anterior  surface. 
The  form  is  sufficiently  well  indicated  in  Fig.  5  (p.  67)  accom- 
panying our  summary  of  the  anatomy  of  the  eye.  In  foetal 
life,  the  convexities  of  the  lens  are  much  greater  than  in  the 
adult,  and  its  structure  is  much  softer.  In  old  age,  the  con- 
vexities are  diminished  and  the  lens  becomes  harder  and 
quite  inelastic,  which  accounts  for  the  progressive  diminu 
tion  in  the  power  of  accommodation. 

The  important  physiological  points  in  the  structure  of  the 
lens  are  that  it  presents  an  investing  membrane,  the  capsule, 
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the  lens  itself  being  composed  of  layers  of  fibres  of  different 
degrees  of  density. 

The  capsule  of  the  lens  is  an  exceedingly  thin,  transpar- 
ent membrane,  very  elastic,  so  that  when  it  is  torn,  the  force 
of  its  contraction  frequently  expels  its  contents.  This  mem- 
brane is  generally  from  S4i00  to  igi00  of  an  inch  thick ;  but 
it  is  very  thin  at  the  periphery,  measuring  here  only  fl0*00  of 
an  inch.  Its  thickness  is  increased  in  old  age.  On  the  ante- 
rior portion,  the  capsule  is  lined  with  a  layer  of  exceedingly 
delicate,  nucleated  epithelial  cells.  These  are  situated  on  the 
inner  surface  of  the  membrane.  The  posterior  half  of  the 
capsule  has  no  epithelial  lining.  The  cells  are  regularly  po- 
lygonal, from  8o*00  to  tjVtt  of  an  inch  in  diameter,  with  large, 
round  nuclei.  After  death  they  are  said  to  break  down  into 
a  liquid,  known  as  the  liquid  of  Morgagni,  though  by  some 
this  liquid  is  supposed  to  be  exuded  from  the  substance  of 
the  lens.    At  all  events,  the  cells  disappear  soon  after  death. 

If  the  lens  be  viewed  entire  with  a  low  magnifying  power, 
it  presents,  upon  either  of  its  surfaces,  a  star  with  from  nine 
to  sixteen  radiations  extending  from  the  centre  to  about  half 
or  two-thirds  of  the  distance  to  the  periphery.  The  stars 
seen  upon  the  two  surfaces  are  not  coincident,  the  rays  of 
one  being  situated  between  the  rays  of  the  other.  In  the  foe- 
tus, the  stars  are  more  simple,  presenting  only  three  radia- 
tions upon  either  surface.  These  stars  are  not  fibrous,  like 
the  rest  of  the  lens,  but  are  composed  of  a  homogeneous 
substance,-which  extends,  also,  between  the  fibres. 

The  greatest  part  of  the  substance  of  the  lens  is  com- 
posed of  very  delicate,  soft,  and  pliable  fibres,  which  are  trans- 
parent, but  perfectly  distinct.  These  fibres  are  flattened,  six- 
sided  prisms,  closely  packed  together,  so  that  their  transverse 
section  presents  a  regularly-tesselated  appearance.  They  are 
from  ^^j-  to  y^j-  of  an  inch  broad  and  from  18ft0o  *°  W*nr  °^ 
an  inch  in  thickness.  Their  flat  surfaces  are  parallel  with 
the  surface  of  the  lens.  The  direction  of  the  fibres  is  from 
the  centre  and  from  the  rays  of  the  stellate  figures  to  the 
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periphery,  where  they  turn  and  pass  to  the  star  upon  the  oppo- 
site side.  The  outer  layers  of  fibres,  near  the  equator,  or  cir- 
cumference of  the  lens,  are  provided  with  beautifully-distinct, 
oval  nuclei,  with  one  or  two  nucleoli.  These  become  smaller 
as  we  pass  deeper  into  the  substance  of  the  lens,  and  gradually 
disappear. 

The  regular  arrangement  of  the  fibres  of  the  lens  makes 
it  possible  to  separate  its  substance  into  layers,  which  have 
been  compared  by  anatomists  to  the  layers  of  an  onion ;  but 
this  separation  is  entirely  artificial,  and  the  number  of  ap- 
parent layers  depends  upon  the  dexterity  of  the  manipulator. 
It  is  to  be  noted,  however,  that  the  external  portions  of  the 
lens  are  soft,  even  gelatinous,  and  that  the  central  layers  are 
much  harder,  forming  a  sort  of  central  kernel,  or  nucleus. 

The  lens  is  composed  of  a  peculiar  organic  nitrogenized 
substance,  very  analogous  to  globuline,  called  crystalline,  com- 
bined with  various  inorganic  salts.  One  of  the  peculiar  con- 
stituents of  this  body  is  cholesterine.  In  an  examination  of 
four  fresh  crystalline  lenses  of  the  ox,  we  found  cholesterine, 
in  the  proportion  of  0*907  of  a  part  per  1,000.'  In  some 
cases  of  cataract,  cholesterine  exists  in  the  lens  in  a  crystal- 
line form ;  but,  under  normal  conditions,  it  is  united  with  the 
other  constituents. 

Suspensory  Ligament  of  the  Lens  {Zone  of  Zmn). — When 
we  come  to  the  description  of  the  vitreous  humor,  we  shall 
see  that  it  occupies  about  the  posterior  two-thirds  of  the 
globe,  and  is  enveloped  in  a  delicate  capsule,  called  the  hya- 
loid membrane.  In  the  region  of  the  ora  serrata  of  the 
retina,  this  membrane  divides  into  two  layers.  The  posterior 
layer  lines  the  depression  in  the  vitreous  humor  into  which  the 
lens  is  received.  The  anterior  layer  passes  forward  toward 
the  lens,  and  divides  into  two  secondary  layers,  one  of  which 

1  Flint,  Jb.,  Experimental  Retearche*  into  a  New  Excretory  Function  of  the 
Liver. — American  Journal  of  the  Medical  Science*,  Philadelphia,  1862,  New 
Series,  vol  xliy.,  p.  818 ;  and,  Recherche*  eqthimentale*,  etc.,  Paris,  1868,  p.  18 
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passes  forward  to  become  continuous  with  the  anterior  por- 
tion of  the  capsule  of  the  lens,  while  the  other  passes  to  the 
posterior  surface  of  the  lens  to  become  continuous  with  this 
portion  of  its  capsule.  The  anterior  of  these  layers  is  corru- 
gated, or  thrown  into  folds  which  correspond  with  the  cili- 
ary processes,  with  which  it  is  in  contact.  This  corrugated 
portion  is  called  the  zone  of  Zinn.  The  two  layers  thus 
surround  the  lens  and  are  properly  called  its  suspensory 
ligament  As  the  two  layers  of  the  suspensory  ligament  sep- 
arate at  a  certain  distance  from  the  lens,  one  passing  to  the 
anterior  and  the  other  to  the  posterior  portion  of  the  capsule, 
there  remains  a  triangular  canal,  about  -fa  of  an  inch  wide, 
surrounding  the  border  of  the  lens,  called  the  canal  of  Petit. 
Under  natural  conditions,  the  walls  of  this  canal  are  nearly  in 
apposition  and  it  contains  a  very  small  quantity  of  clear  liquid. 

As  we  have  already  remarked  in  describing  the  retina,  at 
the  ora  serrata,  the  membrane  is  closely  connected,  by  a  mu- 
tual interlacement  of  fibres,  with  the  suspensory  ligament. 
It  is  important  to  appreciate  clearly  the  relations  of  the  sus- 
peiisory  ligament,  in  order  to  understand  the  mechanism  of 
accommodation  of  the  lens  to  vision  at  different  distances. 
The  ciliary  muscle  being  in  repose,  during  what  is  termed 
the  indolent  condition  of  the  eye,  when  it  is  adapted  to  vision 
at  long  distances,  the  tension  of  the  parts  flattens  the  lens ; 
but,  in  the  effort  of  accommodation  for  near  objects,  the 
ciliary  muscle  contracts,  compresses  the  contents  of  the  globe, 
relaxes  the  suspensory  ligament,  and  the  inherent  elasticity 
of  the  lens  renders  it  more  convex.  It  is  by  a  delicate  use 
of  this  muscle,  that  the  proper  adaptation  of  the  curvatures 
of  the  lens  is  obtained. 

The  membrane  forming  the  suspensory  ligament  is  com- 
posed  of  pale  longituZo  and  toLersJSsoi  rather  a 
peculiar  appearance,  which  are  much  less  affected  by  acetic 
acid  than  the  ordinary  fibres  of  connective  tissue. 

Aqueous  Humor. — The  space  bounded  in  front  by  the  cor- 
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ilea,  posteriorly  by  the  crystalline  lens  and  the  anterior  face 
of  its  suspensory  ligament,  and,  at  its  circumference,  by  the 
tips  of  the  ciliary  processes,  is  known  as  the  aqueous  cham- 
ber. This  contains  a  clear  liquid,  called  the  aqueous  hu- 
mor. The  iris  separates  this  space  into  two  divisions,  which 
communicate  with  each  other  through  the  pupil ;  viz.,  the 
anterior  chamber,  situated  between  the  anterior  face  of  the 
iris  and  the  cornea,  and  the  posterior  chamber,  between  the 
posterior  face  of  the  iris  and  the  crystalline.  It  is  evident, 
from  the  position  of  the  iris,  that  the  anterior  chamber  is 
much  the  larger ;  and,  indeed,  the  posterior  surface  of  the  iris 
and  the  anterior  surface  of  the  lens  are  in  contact,  except, 
perhaps,  near  their  periphery  or  when  the  iris  is  very  much 
dilated.  The  liquid  filling  the  chambers  of  the  eye  is  said  to 
be  secreted  by  the  blood-vessels  of  the  ciliary  processes ;  at 
all  events,  it  is  rapidly  reproduced  after  it  has  been  evacuated, 
as  occurs  in  many  surgical  operations  on  the  eye. 

There  is  very  little  to  be  said  concerning  the  properties 
and  composition  of  the  aqueous  humor.  It  is  perfectly  color- 
less and  transparent,  faintly  alkaline,  of  a  specific  gravity  of 
about  1,005,  and  possesses  the  same  index  of  refraction  as 
the  cornea  and  the  vitreous  humor.  As  we  should  infer  from 
its  low  specific  gravity,  the  aqueous  humor  is  composed  chiefly 
of  water.  It  contains  a  small  quantity  of  an  albuminoid 
matter,  but  is  not  rendered  turbid  by  heat  or  other  agents 
which  coagulate  albumen.  Various  inorganic  salts,  the  chlo- 
rides, sulphates,  phosphates,  and  carbonates,  exist  in  this 
liquid,  in  small  proportion.  It  contains  also  traces  of  urea 
and  glucose. 

Vitreous  Humor. — The  vitreous  humor  is  a  clear,  glassy 
substance,  occupying  about  the  posterior  two-thirds  of  the 
globe.  It  is  enveloped  in  an  exceedingly  delicate,  structure- 
less capsule,  called  the  hyaloid  membrane,  which  is  about 
T1Anr  of  an  inch  in  thickness.  This  ii^mbrane  adheres  pretty 
strongly  to  the  limitary  membrane  of  the  retina.    In  front, 
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at  the  ora  serrata,  as  we  have  already  seen,  the  hyaloid  mem- 
brane is  thickened,  and  becomes  continuous  with  the  suspen- 
sory ligament  of  the  lens. 

The  vitreous  humor  itself  is  gelatinous,  of  feeble  con- 
sistence, slightly  alkaline  in  its  reaction,  with  a  specific  grav- 
ity of  about  1,005.  Upon  section,  there  oozes  from  it  a 
watery  fluid  of  a  slightly  mucilaginous  consistence.  This 
humor  is  not  affected  by  heat  or  alcohol,  but  is  coagulated  by 
certain  mineral  salts,  more  especially  the  acetate  of  lead. 
When  thus  solidified,  it  presents  regular  layers,  like  the  white 
of  an  egg  boiled  in  its  shell ;  but  these  are  artificial.  In  the 
embryon,  the  vitreous  humor  is  divided  into  numerous  little 
cavities,  and  contains  cells  and  leucocytes.  It  is  also  pene- 
trated by  a  branch  from  the  central  artery  of  the  retina,  which 
passes  through  its  centre  to  ramify  on  the  posterior  surface 
of  the  crystalline  lens.  This  structure,  however,  is  not  found 
in  the  adult,  the  vitreous  humor  being  then  entirely  without 
blood-vessels. 

There  is  still  considerable  difference  of  opinion  with  re- 
gard to  the  structure  of  the  vitreous  humor  in  the  adult ; 
some  anatomists  believing  that  it  is  perfectly  homogeneous 
and  that  the  so-called  laminae  are  produced  only  by  the  action 
of  reagents,  while  others  state  that  it  is  divided  into  com- 
partments, by  processes  penetrating  from  and  connected  with 
the  hyaloid  membrane.  The  weight  of  authority  is  decidedly 
in  favor  of  a  subdivision  of  the  humor  into  compartments 
formed  by  delicate  membranes  radiating  from  the  point  of 
penetration  of  the  optic  nerve  to  the  anterior  boundary  where 
the  hyaloid  membrane  is  in  contact  with  the  capsule  of  the 
lens.  In  this  way,  the  humor  is  divided  up,  something  like 
the  half  of  an  orange,  by  about  one  hundred  and  eighty 
membranous  processes  of  extreme  delicacy,  which  do  not  in- 
terfere with  its  transparency. 

Svmmary  of  the  Anatomy  of  the  Globe  of  the  Eye. 
For  the  intimate  structure  of  the  various  coats  of  the  eye, 
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their  dimensions,  etc.,  the  reader  is  referred  to  the  descrip- 
tions just  given  of  these  parts.  In  this  summary,  we  propose 
simply  to  show  the  relations  of  the  various  parts,  giving,  at 
the  same  time,  a  brief  statement  of  their  physiological  im- 
portance. This  end  will  be  attained  by  a  full  explanation  of 
Fig.  5,  which  represents  a  section  of  the  human  eye,  and 
shows  the  relations  of  its  various  coats,  humors,  etc. 


Fig.  6. 


Section  of  the  human  eve,  taken  from  Helmboltx,  and  slightly  modified.    (Revue  dee  coure 

edentytquee,  Parte,  18&-1809,  tome  tL,  p.  216.) 


The  eyeball  is  nearly  spherical  in  its  posterior  five-sixths, 
its  anterior  sixth  being  formed  of  the  segment  of  a  smaller 
sphere,  which  is  slightly  projecting.  The  posterior  five-sixths 
presents  the  following  coats,  indicated  in  the  figure : 
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S.  The  sclerotic ;  a  dense,  fibrous  membrane,  chiefly  for 
the  protection  of  the  more  delicate  structures  of  the  globe, 
and  giving  attachment  to  the  muscles  which  move  the  eye- 
ball. Attached  to  the  sclerotic,  are  the  tendons  of  R,  the 
recti  muscles. 

Cor.  The  cornea;  a  transparent  structure,  forming  the 
anterior,  projecting  sixth  of  the  globe ;  dense  and  resisting, 
allowing,  however,  the  passage  of  light ;  covered,  on  its  con- 
vex surface,  with  several  layers  of  transparent  epithelial  cells, 
and,  on  its  posterior  surface,  with  the  membrane  of  the  aque- 
ous humor. 

Cho.  The  choroid  coat,  lining  the  sclerotic  and  extending 
only  as  far  forward  as  the  cornea ;  connected  with  the  scle- 
rotic by  loose  connective  tissue,  in  which  ramif  y  blood-vessels 
and  nerves,  and  presenting  an  external,  vascular  layer  and  an 
internal,  pigmentary  layer,  which  latter  gives  its  character- 
istic dark-brown  color. 

C.  P.  The  ciliary  processes ;  peculiar  folds  of  the  choroid, 
which  form  its  anterior  border,  and  which  embrace  the  folds 
of  the  suspensory  ligament  of  the  lens. 

C.  M.  The  ciliary  muscle,  formerly  called  the  ciliary  liga- 
ment ;  a  muscular  ring,  situated  just  outside  of  the  ciliary 
processes,  arising  from  the  circular  line  of  junction  of  the 
sclerotic  with  the  cornea,  and  passing  over  the  ciliary  pro- 
cesses, to  become  lost  in  the  fibrous  tissue  of  the  choroid. 
This  is  sometimes  called  the  tensor  of  the  choroid.  Its  action 
is  to  tighten  the  choroid  over  the  vitreous  humor,  relax  the 
ciliary  processes  and  the  suspensory  ligament  of  the  lens,- 
when  the  lens,  by  virtue  of  its  elasticity,  becomes  more  con- 
vex. The  ciliary  muscle  is  the  active  agent  in  accommoda- 
tion. In  the  figure,  the  mechanism  of  accommodation  is 
shown  by  the  dotted  lines,  which  represent  the  suspensory 
ligament  relaxed  by  the  contraction  of  the  ciliary  muscle,  and 
the  lens,  increased  in  its  convexity,  pushing  forward  the  iris. 

I.  The  iris ;  dividing  the  space  in  front  of  the  lens  into 
two  chambers  occupied  by  the  aqueous  humor :  (A)  The  an- 
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tenor  chamber  is  much  the  larger.  The  iris,  in  its  central 
portion  surrounding  the  pupil  (P),  is  in  contact  with  the  lens. 
Its  circumference  is  just  in  front  of  the  line  of  origin  of  the 
ciliary  muscle. 

Ret  The  retina;  an  exceedingly  delicate,  transparent 
membrane,  lining  the  choroid  and  extending  to  about  -fa  of 
an  inch  behind  the  ciliary  processes,  the  anterior  margin  form- 
ing the  ora  serrata.  O.  The  optic  nerve  penetrating  the 
retina  a  little  internal  to  and  below  the  antero -posterior 
axis.  The  layer  of  rods  and  cones  is  situated  externally, 
next  the  choroid.  Internal  to  the  layer  of  rods  and  cones, 
are  the  four  granular  layers ;  next,  the  layer  of  nerve-cells ; 
next,  the  expansion  of  the  fibres  of  the  optic  nerve;  and 
next,  in  apposition  with  the  hyaloid  membrane  of  the  vitre- 
ous humor,  is  the  limitary  membrane.  The  layer  of  rods 
and  cones  is  supposed  to  be  the  portion  which  receives  visual 
impressions,  the  rods  and  cones  being  connected  with  the 
nerve-cells,  and  through  them  with  the  fibres  of  the  optic 
nerve,  by  delicate  filaments.  The  macula  lutea  and  the  fo- 
vea centralis  are  exactly  in  the  axis  of  vision. 

0.  The  crystalline  lens;  elastic,  transparent,  enveloped 
in  its  capsule  and  surrounded  by  S.  L.,  the  suspensory  liga- 
ment 

S.  L.  The  suspensory  ligament ;  the  anterior  layer  con- 
nected with  the  anterior  portion  of  the  capsule  of  the  lens> 
and  the  posterior,  with  the  posterior  portion  of  the  capsule. 
The  folded  portion  of  this  ligament,  which  is  received  be- 
tween the  folds  of  the  ciliary  processes,  is  called  the  zone  of 
Zinn.  The  triangular  canal  between  the  anterior  and  the  pos- 
terior layers  of  the  suspensory  ligament  and  surrounding  the 
equator  of  the  lens  is  called  the  canal  of  Petit 

Y.  The  vitreous  humor ;  enveloped  in  the  structureless 
hyaloid  membrane,  which  membrane  is  continuous  in  front 
with  the  suspensory  ligament  of  the  lens. 


CHAPTER  IV. 

REFRACTION  IN  THE  EYE. 

The  eye  as  an  optical  instrument — Laws  of  refraction,  dispersion,  etc.,  bearing 
upon  the  physiology  of  vision— Angle  alpha — Theories  of  light — Theories 
of  colors — Color-bIindne8s — Refraction  by  lenses— Myopia  and  hyperme- 
tropia — Spherical  aberration — Chromatic  aberration — Formation  of  images 
in  the  eye — Area  of  distinct  vision — Punctum  caecum — Mechanism  of  re- 
fraction in  the  eye— -Refraction  by  the  cornea — Refraction  by  the  crystal- 
line lens — Simple,  schematic  eye— Astigmatism. 

It  is  simply  impossible  to  obtain  a  dear  idea  of  the  physi- 
ology of  vision  without  having  carefully  studied  the  physio- 
logical anatomy  of  the  visual  organs ;  and,  for  this  reason,  we 
have  been  as  exact  as  possible  and  somewhat  minute  in  our 
description  of  the  structure  of  the  eye.  If  the  student  will- 
carefully  study  the  anatomy  of  the  parts,  a  very  succinct 
statement  of  some  of  the  well-established  laws  of  refraction 
will  render  the  physiology  so  simple  that  it  will  follow  al- 
most without  explanation. 

In  applying  the  laws  of  the  refraction  of  light  to  the 
transparent  media  of  the  eye,  it  is  necessary  to  bear  in  mind 
certain  general  facts  with  regard  to  vision,  that  have  as  yet 
been  referred  to  either  very  briefly  or  not  at  alL 

The  eye  is  not  by  any  means  a  perfect  optical  instrument, 
looking  at  it  from  a  purely  physical  point  of  view.  This 
statement,  however,  should  not  be  understood  as  implying 
that  the  arrangement  of  the  organs  of  vision  is  not  such  as  to 
adapt  them  perfectly  to  the  functions  which  they  have  to  per- 
form in  connection  with  the  proper  appreciation  of  visual  im- 
pressions. By  physical  tests,  it  can  be  demonstrated  that  the 
eye  is  not  entirely  achromatic ;  but,  in  ordinary  vision,  tho 
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dispersion  of  colors  is  not  appreciated.1  There  is  but  a  single 
point  in  the  retina,  the  fovea  centralis,  where  vision  is  abso- 
lutely distinct ;  and  it  is  upon  this  point  that  images  are  made 
to  fall  when  the  eye  is  directed  toward  any  particular  object. 

It  is  curious  to  note,  however,  that  the  refracting  appa- 
ratus is  not  exactly  centred,  a  condition  so  essential  to  the 
satisfactory  performance  of  our  most  perfect  optical  instru- 
ments. -For  example,  in  a  compound  microscope  or  a  tele- 
scope, the  centres  of  the  different  lenses  entering  into  the  con- 
struction of  the  instrument  are  all  situated  in  a  straight  line. 
Were  the  eye  a  perfect  optical  instrument,  the  line  of  vision 
would  coincide  exactly  with  the  axis  of  the  cornea ;  but  this 
is  not  the  case.  The  visual  line  (a  line  drawn  from  an  ob- 
ject to  its  image  on  the  fovea  centralis)  deviates  from  the 
axis  of  the  cornea,  in  normal  eyes,  to  the  nasal  side.  The 
visual  line,  therefore,  forms  an  angle  with  the  axis  of  the 
cornea ;  and  this  is  known  as  the  angle  alpha.  This  deviation 
of  the  visual  line  from  the  mathematical  centre  of  the  eye  is 
observed  both  in  the  horizontal  and  in  the  vertical  planes. 
u  The  horizontal  deviation  varies  from  two  to  eight  de- 
grees (Sohuerman),  the  vertical,  from  one  to  three  degrees 
(Mtmddatamrri)" *  Of  course,  this  want  of  exact  centra- 
tion  of  the  optical  apparatus,  in  normal  eyes,  does  not  prac- 
tically affect  distinct  vision,  for,  when  the  eyes  are  directed 
toward  any  object,  this  object  is  brought  in  the  line  of  the 
visual  axis;  but  the  angle  alpha  is  an  important  element  to 
be  taken  into  account  in  various  mathematical  calculations 
connected  with  the  physics  of  the  eye. 

The  field,  or  area  of  distinct  vision,  is  quite  restricted ; 
but,  were  it  larger,  it' is  probable  that  the  mind  would  become 
confused  with  the  extent  and  variety  of  the  impressions,  and 
that  we  should  be  unable  so  easily  to  observe  minute  details 
and  fix  the  attention  upon  small  objects. 

1  Hzlmholtz,  Optique  physiologique,  Paris,  1867,  p.  173. 

2  Stellwag  ton  Gabion,  Treatise  on  (he  Diseases  of  the  Eye,  New  York,  1868, 
p.069. 
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While  we  see  certain  objects  with  absolute  distinctness  in 
a  restricted  field,  the  angle  of  vision  is  very  wide,  and  rays  of 
light  are  admitted  from  an  area  equal  nearly  to  the  half  of  a 
sphere.  Such  a  provision  is  eminently  well  adapted  to  our 
requirements.  We  direct  the  eyes  to  a  particular  point  and 
see  a  certain  object  distinctly,  getting  the  advantage  of  an 
image  in  the  two  eyes  exactly  at  the  points  of  distinct  vision; 
the  rays  coming  from  without  the  area  of  distinct  vision  are 
received  upon  different  portions  of  the  surface  of  the  retina 
and  produce  an  impression  more  or  less  indistinct,  not  inter- 
fering with  the  observation  of  the  particular  object  to  which 
the  attention  is  for  the  moment  directed;  but  even  while 
looking  intently  at  any  object,  the  attention  may  be  attracted 
by  another  object  of  an  unusual  character,  which  might,  for 
example,  convey  an  idea  of  danger,  and  the  point  of  distinct 
vision  can  be  turned  in  its  direction*  Thus,  while  we  see 
distinctly  but  few  objects  at  one  time,  the  area  of  indistinct 
vision  is  immense;  and  our  attention  may  be  readily  di- 
rected to  unexpected  or  unusual  objects  that  may  come  with- 
in any  portion  of  the  field  of  view.  The  small  extent  of  the 
area  of  distinct  vision,  especially  for  near  objects,  may  be 
readily  appreciated  if  we  watch  a  person  attentively  reading 
a  book,  when  the  eyes  will  be  seen  to  follow  the  lines  from 
one  side  of  the  page  to  the  other  with  perfect  regularity. 
When  we  consider  that,  in  addition  to  these  remarkable  qual- 
ities, which  are  never  thought  of  in  artificial  optical  instru- 
ments, the  eye  may  be  accommodated  at  will,  with  the  most 
exquisite  nicety,  to  vision  at  different  distances,  and  that  we 
possess  correct  appreciation  of  form,  etc,  by  the  use  of  the 
two  eyes,  it  is  evident  that  the  organ  of  vision  gains  rather 
than  loses  in  comparison  with  the  most  perfect  instruments 
that  ever  have  been,  or  probably  ever  will  be  constructed. 

Laws   of  Refraction,  Dispersion,  etc.,  hearing  upon  the 

Physiology  of  Vision. 

In  the  present  state  of  physiological  science,  we  have  lit- 
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tie  to  do  with  the  theory  of  light,  except  as  regards  the  modi- 
fications of  luminous  rays  in  passing  through  the  refracting 
media  of  the  eye.  It  will  be  sufficient  to  state  that  nearly 
all  physicists  of  the  present  day  agree  in  accepting  what  is 
known  as  the  theory  of  undulation,  rejecting  in  toto  the  emis- 
sion-theory proposed  by  Newton.  Newton  supposed  that  all 
luminous  bodies  gave  off  inconceivably  small  particles  capable 
of  traversing  space  with  wonderful  rapidity  and  of  penetrat- 
ing transparent  bodies.  This  view  was  at  first  very  generally 
accepted ;  but,  as  scientific  facts  accumulated,  it  was  found  to 
be  opposed  to  many  optical  phenomena,  and  the  theory  of 
undulation  now  takes  its  place.  It  is  necessary  to  the  theory 
of  undulation  to  assume  that  all  space  and  all  transparent 
bodies  are  permeated  with  what  has  been  called  a  luminif  er- 
ous  ether ;  and  that  light  is  propagated  by  a  vibration  or  un- 
dulation of  this  hypothetical  substance.  This  theory  assimi- 
lates light  to  sound,  in  the  mechanism  of  its  propagation ; 
but,  in  sound,  the  waves  are  supposed  to  foe  longitudinal,  or  to 
follow  the  line  of  propagation,  while  in  light  the  particles  are 
supposed  to  vibrate  transversely,  or  at  right  angles  to  the  line 
of  propagation.  It  must  be  remembered,  however,  that  the 
undulatory  theory  of  sound  is  capable  of  positive  demonstra- 
tion, and  that  the  propagation  of  sound  by  waves  can  only 
take  place  through  ponderable  matter,  the  vibrations  of  which 
can  always  be  observed;  while  luminous  vibrations  involve 
the  existence  of  an  imponderable  and  purely  hypothetical 
ether.  It  is  possible,  indeed,  that  scientific  facts  may,  in  the 
future,  render  the  existence  of  such  an  ether  improbable  or  its 
supposition  unnecessary ;  but,  at  present,  all  we  can  say  is 
that  the  theory  of  luminous  undulation  is  entirely  in  accord 
with  the  optical  phenomena  that  have  thus  far  been  rec- 
ognized. 

The  different  calculations  of  physicists  with  regard  to  the 
velocity  of  light  have  been  remarkably  uniform  in  their  re- 
sults. The  lowest  calculations  put  it  at  about  185,000  miles 
in  a  second,  and  the  highest,  at  about  195,000  miles.    The 
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rate  of  propagation  is  usually  assumed  to  be  about  192,000 
miles. 

The  intensity  of  light  is  in  proportion  to  the  amplitude 
of  the  vibrations.  The  intensity  diminishes  as  the  distance 
of  the  luminous  body  increases,  and  is  in  inverse  ratio  to  the 
square  of  the  distance. 

In  the  theory  of  the  colors  into  which  pure  white  light 
may  be  decomposed  by  prisms,  it  is  assumed,  as  a  matter  of 
demonstration,  that  the  waves  of  the  different  colors  of  the 
solar  spectrum  are  not  of  the  same  length.  The  decomposi- 
tion of  light  is  produced  by  differences  in  the  refrangibility 
of  the  different  colored  rayB  as  they  pass  through  a  denser 
medium  than  the  air.  The  differences  in  the  wave-lengths 
for  different  colors  is  very  simply  set  forth  by  Tyndall  as 
follows : 

"  The  color  of  light  is  determined  solely  by  its  wave- 
length. The  ether-waves  gradually  diminish  in  length  from 
the  red  to  the  violet.  The  length  of  a  wave  of  red  light  is 
about  g^oo  of  an  inch ;  that  of  the  wave  of  violet  light  is 
ftbout  5?froo  of  an  inch.  The  waves  which  produce  the  other 
colors  of  the  spectrum  lie  between  these  extremes. 

u  The  velocity  of  light  being  192,000  miles  in  a  second, 
if  we  multiply  this  number  by  39,000,  we  obtain  the  num- 
ber of  waves  of  red  light  in  192,000  miles ;  the  product  is 
474,439,680,000,000.  All  of  these  waves  enter  the  eye  in  a 
second.  In  the  same  interval  699,000,000,000,000  waves  of 
violet  light  enter  the  eye.  At  this  prodigious  rate  is  the 
retina  hit  by  the  waves  of  light. 

"  Color,  in  fact,  is  to  light,  what  pitch  is  to  sound.  The 
pitch  of  a  note  depends  solely  on  the  number  of  aerial  waves 
which  strike  the  ear  in  a  second.  The  color  of  light  depends 
on  the  number  of  ethereal  waves  which  strike  the  eye  in  a 
second.  ThuB  the  sensation  of  red  is  produced  by  imparting 
to  the  optic  nerve  four  hundred  and  seventy-four  millions  of 
millions  of  impulses  per  second,  while  the  sensation  of  violet 
is  produced  by  imparting  to  the  nerve  six  hundred  and  ninety- 
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nine  millions  of  millions  per  second." x  In  this  way  the 
scale  of  colors  in  the  solar  spectrum  is  compared  to  the  scale 
of  musical  notes  and  intervals.  Indeed,  Helmholtz  has  con- 
structed a  theoretical  scale  of  colors  to  correspond  with  mu- 
sical tones  and  semitones.* 

The  analysis  of  white  light  into  the  different  colors  of  the 
spectrum  shows  that  it  is  compound ;  and,  by  synthesis,  the 
colored  rays  may  again  be  brought  together,  producing  white 
light.  Colors  may  be  obtained  by  decomposition  of  light 
by  transparent  bodies,  the  different  colored  rays  being  re- 
fracted, or  bent  by  a  prism  at  different  angles.  It  is  not  in 
this  way,  however,  that  the  colors  of  different  objects  are 
produced.  Certain  objects  have  the  property  of  reflecting 
the  rays  of  light.  A  perfectly  smooth,  polished  surface, 
like  a  mirror,  may  reflect  all  of  the  rays ;  and  the  object  then 
has  no  color,  only  the  reflected  light  being  appreciated  by 
the  eye.  Certain  other  objects  do  not  reflect  all  of  the 
rays  of  light,  some  of  them  being  lost  to  view,  or  absorbed. 
When  an  object  absorbs  all  of  the  rays,  it  has  no  color,  and 
is  called  blade  When  an  object  absorbs  the  rays  equally, 
and  reflects  a  portion  of  these  rays  without  decomposition,  it 
is  gray  or  white.  There  are  many  objects,  however,  that  de- 
compose white  light,  absorbing  certain  rays  of  the  spectrum 
and  reflecting  others.  The  rays  not  absorbed,  but  returned 
to  the  eye  by  reflection,  give  color  to  the  object.  Thus,  if  an 
object  absorb  all  of  the  rays  of  the  spectrum  except  the  red, 
the  red  rays  strike  the  eye,  and  the  color  of  the  object  is  red. 
So  it  is  with  objects  of  different  shades,  the  colors  of  which 
are  given. simply  by  the  unabsorbed  rays. 

It  is  a  curious  fact  that  the  mixture  of  different  colors  in 
certain  proportions  will  result  in  white.  Two  colors,  which, 
when  mixed,  result  in  white,  are  called  complementary.  The 
following  colors  of  the  spectrum  bear  such  a  relation  to 
each  other: 

1  Ttkdall,  Light  and  Electricity,  New  York,  1871,  p.  65. 
•  Helmholtz,  Optiqut  pkyMogique,  Paris,  1867,  p.  819. 
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Bed  and  greenish-blue. 
Orange  and  cyanogen-blue. 
Yellow  and  indigo-blue. 
Greenish-yellow  and  violet.1 

The  fact  that  impressions  made  upon  the  retina  persist  for 
an  appreciable  length  of  time  enables  us  to  illustrate  the  law 
of  complementary  colors.  If  a  disk,  presenting  divisions 
with  two  complementary  colors,  be  made  to  revolve  so  rapidly 
that  the  impressions  made  by  the  two  colors  are  blended,  the 
resulting  color  is  white. 

It  is  almost  useless,  with  our  present  knowledge,  to  specu- 
late with  regard  to  the  probable  mechanism  of  the  apprecia- 
tion of  colors  in  vision.  The  facts  just  stated  are  sufficiently 
clear,  showing  that  the  number  of  ethereal  vibrations  is  dif- 
ferent for  different  colors ;  but  it  is  by  no  means  determined 
that  differences  in  the  amplitude  of  the  vibrations  are  in 
direct  relation  with  the  arrangement  of  the  disks  of  the  rods 
and  cones  in  different  portions  of  the  retina.9  The  curious 
phenomena  of  color-blindness  depend  upon  an  abnormal  con- 
dition of  the  visual  apparatus.  Persons  possessing  this  pe- 
culiarity— called  sometimes  Daltonism,  after  the  celebrated 
English  chemist,  who  described  this  infirmity  as  it  existed  in 
his  own  person — though  vision  may  be  normal  in  other  re- 

1  Ttndall,  Light  and  Electricity,  New  York,  1871,  p.  70. 

*  Zenkkb,  Vertueh  einer  Theorie  der  Farben-Perception. — Arckh  /Or  mi* 
kroskopuche  Anatomic,  Bonn,  1867,  Bd.  iii.,  S.  248,  ei  $eq.  In  this  article,  Zen- 
ker proposes  the  theory  of  the  perception  of  colon  referred  to  above;  but,  as 
far  as  we  know,  this  has  not  been  unreservedly  adopted  by  any  writers  upon 
physiological  optics,  though  it  must  be  admitted  to  be  the  only  theory  of  color- 
perception  that  approaches  a  satisfactory  explanation  of  this  most  difficult  ques»  * 
tion.  We  are  by  no  means  prepared  to  deny  in  toto  the  proposition  that  the 
perception  of  color  is  a  question  of  situation,  different  colors  being  appreciated 
by  different  portions  of  the  retina ;  and  some  of  the  facts  with  relation  to  color- 
blindness are  favorable  to  this  view ;  still,  to  render  this  certain,  it  is  necessary 
to  establish  a  very  exact  relation  between  the  length  of  the  waves  of  light  of 
different  colors  and  the  diameter  and  number  of  the  disks  of  the  sensitive  ele- 
ments of  the  retina.  For  a  very  fair  and  full  discussion  of  this  theory,  the 
reader  is  referred  to  the  admirable  compendium  of  Kaiser.  (Compendium  der 
phyeiologitchen  Optik,  Wiesbaden,  1872,  6. 151,  et  teg.) 
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spects,  cannot  distinguish  certain  colors,  will  mistake  red  for 
green,  etc.,  and  some  can  only  distinguish  black  and  white. 
It  is  a  curious  fact,  also,  that  persons  affected  with  color-blind- 
ness (Daltonism,  achromatopsia)  are  sometimes  incapable  of 
discriminating  musical  tones.  This  was  noted  in  numerous 
instances  by  Dr.  Pliny  Earle.1  Though  often  congenital  and 
irremediable,  it  is  now  known  that  color-blindness  is  some- 
times produced  by  the  excessive  use  of  alcohol  and  tobacco, 
exposure  to  cold  and  wet,  etc.,  and  is  amenable  to  treat- 
ment.* 

Refraction  hy  Lenses. — A  ray  of  light  is  an  imaginary 
pencil,  so  small  as  to  present  but  a  single  line ;  and  the  light 
admitted  to  the  interior  of  the  eye  by  the  pupil  is  supposed 
to  consist  of  an  infinite  number  of  such  rays.  In  studying 
the  physiology  of  vision,  it  is  important  to  recognize  the  laws 
of  refraction  of  rays  by  the  transparent  bodies  bounded  by 
curved  surfaces,  with  particular  reference  to  the  action  of  the 
crystalline  lens. 

The  action  of  a  double-convex  lens,  like  the  crystalline,  in 
the  refraction  of  light,  may  be  readily  understood  if  we  sim- 
ply apply  the  well-known  laws  of  refraction  by  prisms.  A 
ray  of  light  falling  upon  the  side  of  a  prism  at  an  angle  is 
deviated  toward  a  line  perpendicular  to  the  surface  of  the 
prism.  As  the  ray  passes  from  the  prism  to  the  air,  it  is 
again  refracted,  but  then  the  deviation  is  from  the  perpen- 
dicular of  the  second  surface  of  the  prism.  If  we  imagine 
two  prisms  placed  together,  as  in  Fig.  6,  the  ray  A  B  will  be 
bent  toward  the  perpendicular  Or  B  to  M.  As  it  passes  from 
the  prism,  it  will  be  refracted  from  the  perpendicular  H  M 
and  take  the  direction  M  I.  Corresponding  refraction  takes 
place  in  the  ray  N  O  falling  upon  the  lower  prism.  These 
two  rays  will  cross  each  other  at  the  point  L. 

1  Earue,  On  the  Inability  to  distinguish  Colour*. — American  Journal  of  the 
Medical  Science*,  Philadelphia,  1845,  New  Series,  voL  ix.,  p.  851. 

1  Dkrby,  Color-blindness,  and  it*  Acquisition  through  the  Abuse  of  Alcohol 
and  Tobacco.— Sew  York  Medical  Journal,  1871,  toL  xffl.,  p.  284,  et  seq. 
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A  circle  is  supposed  to  be  equivalent  to  a  polygon  with  an 
infinite  number  of  sides.  A  regular  double-convex  lens  is  a 
transparent  body  bounded  by  portions  of  a  sphere,  and  may 


he  assumed  to  be  composed  of  an  infinite  number  of  prisms. 
The  action  of  a  convex  lens  is  to  converge  the  rays  of  light 


falling  upon  different  portions  of  their  surface  so  that  they 
cross  at  a  certain  distance  behind  the  lens.  If  we  imagine 
the  lens  A  B  (Fig.  7)  to  be  free  from  spherical  aberration, 


\ 
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the  rays  C  D  and  C  E,  from  the  point  C,  will  be  refracted 
and  brought  to  a  focus  at  the  point  F.  In  the  same  way,  the 
rays  from  the  point  K  will  be  brought  to  a  focus  at  the  point 
L,  the  two  sets  of  rays  crossing  at  G.  The  same  is  true  for 
all  of  the  rays  from  the  object  C  K,  which  strike  the  lens  at 
an  angle;  but  the  ray  H  I,  which  is  perpendicular  to  the  lens, 
is  not  deviated.  The  line  H I  is  called  the  axis  of  the  lens. 
These  facts  may  be  applied  to  the  crystalline  lens.  The 
rays  from  an  object  0  £  fall  upon  the  lens  and  are  brought 
to  a  focus  so  as  to  produce  the  image  L  F.  The  retina  is 
supposed  to  be  at  such  a  distance  from  the  lens  that  the  rays 
are  brought  to  a  focus  exactly  at  its  surface.  Inasmuch  as 
the  rays  cross  each  other  at  the  point  G,  the  image  is  always 
inverted. 

Supposing  the  crystalline  lens  to  be  free  from  spherical 
and  chromatic  aberration,  the  formation  of  a  perfect  image 
depends  upon  the  following  conditions :    t 

The  object  must  be  at  a  certain  distance  from  the  lens. 
If  the  object  be  too  near,  the  rays,  as  they  strike  the  lens, 
are  too  divergent,  and  are  brought  to  a  focus  beyond  the 
plane  L  I  F,  or  behind  the  retina ;  and,  as  a  consequence, 
the  image  is  confused.  In  optical  instruments,  the  adjust- 
ment is  made  for  objects  at  different  distances  by  moving 
'  the  lens  itself.  In  the  eye,  however,  the  adjustment  is  ef- 
fected by  increasing  or  diminishing  the  curvatures  of  the 
lens,  so  that  the  rays  are  always  brought  to  a  focus  at  the 
visual  surface  of  the  retina.  The  faculty  of  thus  changing 
the  curvatures  of  the  crystalline  lens  is  called  accommoda- 
tion. This  power,  however,  is  restricted  within  certain  well- 
defined  limits. 

In  some  individuals,  the  antero-posterior  diameter  of  the 

eye  is  too  long,  and  the  rays,  for  most  objects,  come  to  a  focus 

before  they  reach  the  retina.    This  defect  may  be  remedied 

by  placing  the  object  very  near  the  eye,  so  as  to  increase  the 

divergence  of  the  rays  as  they  strike  the  crystalline.     Such 

persons  are  said  to  be  near-sighted  (myopic),  and  objects  are 

180 
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only  seen  distinctly  when  very  near  the  eye.  This  defect  may 
be  remedied  for  distant  objects  by  placing  concave  lenses  be- 
fore the  eyes,  by  which  the  rays  falling  upon  the  crystalline 
are  diverged.  The  opposite  condition,  in  which  the  antero- 
posterior diameter  is  too  short  (hypermetropia),  is  such  that 
the  rays  are  brought  to  a  focus  behind  the  retina.  This  is 
corrected  by  converging  the  rays  of  incidence  by  placing  con- 
vex lenses  before  the  eyes.  In  old  age,  the  crystalline  lens 
becomes  flattened,  its  elasticity  is  diminished,  and  the  power 
of  accommodation  is  lessened ;  conditions  which  also  tend  to 
bring  the  rays  to  a  focus  behind  the  retina.  This  condition 
is  called  presbyopia.  To  render  near  vision,  as  in  reading, 
distinct,  objects  are  placed  farther  from  the  eye  than  under 
normal  conditions.  The  defect  may  be  remedied,  as  in  hy- 
permetropia, by  placing  convex  lenses  before  the  eyes,  by 
which  the  rays  are  converged  before  they  fall  upon  the  crys- 
talline lens.  • 

The  mechanism  of  accommodation  will  be  fully  considered 
in  connection  with  the  physiology  of  the  crystalline  lens; 
at  present,  it  is  sufficient  to  state  that,  in  looking  at  distant 
objects,  the  rays,  as  they  fall  upon  the  lens,  are  nearly  parallel. 
The  lens  is  then  in  repose,  or  "  indolent."  It  is  only  when 
an  effort  is  made  to  see  near  objects  distinctly,  that  the  agents  . 
of  accommodation  are  called  into  action;  and  then,  very 
slight  changes  in  the  curvature  of  the  lens  are  sufficient  to 
bring  the  rays  to  a  focus  exactly  on  the  visual  surface  of  the 
retina. 

Spherical  Aberration. — In  a  convex  lens,  with  its  surfaces 
consisting  of  portions  of  a  perfect  sphere,  the  rays  of  light 
from  any  object  are  not  converged  to  a  uniform  focus,  and  the 
production  of  an  absolutely  distinct  image  is  impossible.  For 
example,  if  we  suppose  the  crystalline  lens  to  present  regular 
curvatures,  the  rays  refracted  by  its  peripheral  portion  would 
be  brought  to  a  focus  in  front  of  the  retina ;  the  focus  of  the 
rays  converged  by  the  lens  near  its  centre  would  be  behind 
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the  retina ;  a  few,  only,  of  the  rays  would  have  their  focus  at 
the  retina  itself;  and,  as  a  consequence,  the  image  would 
appear  confused.  This  is  illustrated  in  imperfectly-corrected 
lenses,  and  is  called  spherical  aberration.  For  example,  in 
examining  an  object  with  an  imperfectly-corrected  objective 
under  the  microscope,  it  is  evident  that  the  field  of  view  is 
not  uniform,  and  that  there  is  a  different  focal  adjustment  for 
the  central  and  the  peripheral  portions  of  the  lens.  In  the 
construction  of  optical  instruments,  this  difficulty  may  be 
in  part  corrected  if  the  rays  of  light  be  cut  off  from  the 
periphery  of  the  lens  by  a  diaphragm,  which  is  an  opaque 
screen  with  a  circular  perforation  allowing  the  rays  to  pass 
to  a  restricted  portion  of  the  lens  near  its  centre.  The 
iris  corresponds  to  the  diaphragm  of  optical  instruments, 
and  corrects  the  spherical  aberration  of  the  crystalline  in 
part,  by  eliminating  a  portion  of  the  rays  that  would  other- 
wise fall  upon  its  peripheral  portion.  But  this  correction  is 
not  sufficient  for  high  magnifying  powers ;  and  it  is  only  hy 
the  more  or  less  perfect  correction  of  this  kind  of  aberration 
by  other  means,  that  powerful  lenses  have  been  rendered 
available  in  optics. 

The  spherical  aberration  of  lenses  which  diverge  the  rays 
of  light  is  precisely  opposite  to  the  aberration  of  converging 
lenses.  If,  therefore,  we  construct  a  compound  lens,  it  is 
possible  to  fulfil  the  conditions  necessary  to  the  convergence 
of  all  the  incident  rays  to  a  focus  on  a  uniform  plane,  so  that 
the  image  produced  behind  the  lens  is  not  distorted.  Given, 
for  example,  a  double-convex  lens,  by  which  the  rays  are 
brought  to  innumerable  focal  points  situated  in  different 
planes.  The  fact  that  but  a  few  of  these  focal  points  are  in 
the  plane  of  the  retina  renders  the  image  indistinct.  If  we 
place  behind  this  convex  lens  a  concave  lens,  by  the  action 
of  which  the  rays  are  more  or  less  diverged,  the  inequality 
of  the  divergence  by  different  portions  of  the  second  lens 
will  have  the  following  effect :  As  the  angle  of  divergence 
gradually  increases  from  the  centre  toward  the  periphery, 
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the  rays  near  the  periphery,  which  are  most  powerfully  eon- 
verged  by  the  convex  lens,  will  be  most  widely  diverged  by 
the  peripheral  portion  of  the  concave  lens ;  so  that,  if  the 
opposite  curvatures  be  accurately  adjusted,  the  aberrant  rays 
may  be  blended.  It  is  evident  that,  if  all  of  the  rays  were 
equally  converged  by  the  convex  lens  and  equally  diverged  by 
the  concave  lens,  the  action  of  the  latter  would  be  simply  to 
elongate  the  focal  distance ;  and  it  is  equally  evident  that,  if 
the  aberration  of  the  one  be  exactly  opposite  to  the  aberra- 
tion of  the  other,  there  will  be  perfect  correction.  Mechanical 
art  has  not  enabled  us  to  effect  correction  of  every  portion  of 
very  powerful  convex  lenses  in  this  way ;  but,  by  a  combi- 
nation of  lenses  and  diaphragms  together,  highly-magnified 
images,  nearly  perfect,  have  been  produced. 

It  is  evident  that,  for  distinct  vision  at  different  distances, 
the  crystalline  lens  must  be  nearly  free  from  spherical  aberra- 
tion.  This  is  not  effected  by  a  combination  of  lenses,  as  in 
ordinary  optical  instruments,  but  by  the  curvatures  of  the  lens 
itself,  and  by  certain  differences  in  the  consistence  of  different 
portions  of  the  lens,  which  will  be  fully  considered  hereafter. 

Chromatic  Aherration. — We  have  already  alluded  to  the 
fact  that  a  refracting  medium  does  not  act  equally  upon  the 
different  colored  rays  into  which  pure  white  light  may  be  de- 
composed ;  in  other  words,  as  the  pure  ray  falling  upon  the 
inclined  surface  of  a  glass  prism  is  bent,  it  is  decomposed  into 
the  colors  of  the  spectrum.  As  a  convex  lens  is  practically 
composed  of  an  infinite  number  of  prisms,  the  same  effect 
would  bo  expected.  Indeed,  a  simple  convex  lens,  even  if 
the  spherical  aberration  be  corrected,  always  produces  more 
or  less  decomposition  of  the  light.  The  image  formed  by 
such  a  lens  will  consequently  be  colored ;  and  this  defect  in 
simple  lenses  is  called  chromatic  aberration.  At  the  same 
time,  it  is  evident  that  the  centre  of  the  different  rays  from 
an  object  will  be  composed  of  all  the  colors  of  the  spectrum 
combined,  producing  the  effect  of  white  light ;  but,  at  the 
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borders,  the  different  colors  will  be  separate  and  distinct,  and 
an  image  produced  by  a  simple  convex  lens  will  thus  be  sur- 
rounded by  a  circle  of  colors,  like  a  rainbow. 

In  prisms,  the  chromatic  dispersion  may  be  corrected  by 
allowing  the  colored  rays  from  one  prism  to  fall  upon  a  second 
prism,  which  is  inverted,  so  that  the  colors  will  be  brought  to- 
gether and  produce  white  light.  Two  prisms  thus  applied  to 
each  other  constitute,  in  fact,  a  flat  plate  of  glass,  and  the 
rays  of  light  pass  without  deviation.  If  this  law  be  applied 
to  lenses,  it  is  evident  that  the  dispersive  power  of  a  convex 
lens  may  be  exactly  opposite  to  that  of  a  concave  lens.  By 
the  convex  lens,  the  colored  rays  are  separated  by  convergence ; 
while,  in  the  concave  lens,  the  colored  rays  are  dispersed  in 
the  opposite  direction.  If,  then,  we  combine  a  convex  with  a 
concave  lens,  the  white  light  decomposed  by  the  one  will  be 
recomposed  by  the  other,  and  the  chromatic  aberration  will 
thus  be  corrected.  But,  in  using  a  convex  and  a  concave  lens 
composed  of  the  same  material,  the  convergence  by  the  one 
will  be  neutralized  by  the  dispersion  of  the  other,  and  there 
will  be  no  amplification  of  the  object. 

In  the  construction  of  optical  instruments,  the  chromatic 
aberration  is  corrected,  with  but  slight  diminution  in  the  am- 
plification, by  combining  lenses  made  of  different  material,  as 
of  flint-glass  and  crown-glass.  Flint-glass  has  a  much  greater 
dispersive  power  than  crown-glass.  If,  therefore,  we  use  a 
convex  lens  of  crown-glass  combined  with  a  concave  lens  of 
flint-glass,  the  chromatic  aberration  of  the  convex  lens  may  be 
corrected  by  a  concave  lens  with  a  curvature  which  will  take 
but  little  from  the  magnifying  power.  A  compound  lens, 
with  the  spherical  aberration  of  the  convex  element  corrected 
by  the  curvature  of  a  concave  lens,  and  the  chromatic  aberra- 
tion corrected  by  the  curvature,  in  part,  and  in  part  by  the 
superior  refractive  power  of  flint-glass  over  crown-glass,  will 
produce  a  perfect  image. 

Although  the  eye  is  not  absolutely  achromatic,  the  dis- 
persion of  light  is  not  sufficient  to  interfere  with  distinct 
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vision.  We  can  understand  how  the  chromatic  aberration  is 
practically  corrected  in  the  crystalline  lens,  when  we  remem- 
ber that  its  various  layers  are  of  different  consistence  and  of 
different  refractive  power. 

Formation  of  Images  in  the  Eye. 

It  is  only  necessary  to  call  to  mind  the  general  arrange* 
ment  of  the  different  structures  in  the  eye  and  to  apply 
the  simple  laws  of  refraction,  to  comprehend  precisely  how 
images  are  formed  upon  the  retina. 

The  eye  corresponds  to  a  camera  obscura.  Its  interior  is 
lined  with  a  dark,  pigmentary  membrane,  the  choroid,  the 
function  of  which  is  to  prevent  the  confusion  of  images  by 
internal  reflection.  The  rays  of  light  are  admitted  through  a 
circular  opening,  the  pupil,  the  size  of  which  is  regulated  by 
the  movements  of  the  iris.  The  pupil  is  contracted  when  the 
light  striking  the  eye  is  intense,  and  is  dilated  as  the  amount 
of  light  is  diminished.  In  the  accommodation  of  the  eye,  the 
pupil  is  dilated  for  distant  objects  and  contracted  for  near 
objects;  for,  in  looking  at  near  objects,  the  aberrations  of 
sphericity  and  achromatism  in  the  lens  are  more  marked,  and 
the  peripheral  portion  is  cut  off  by  the  action  of  this  movable 
diaphragm,  thus  aiding  the  correction.  The  rays  of  light  from 
an  object  pass  through  the  cornea,  the  aqueous  humor,  the 
crystalline  lens,  and  the  vitreous  humor,  and  are  refracted 
with  so  little  spherical  and  chromatic  aberration  that  the  image 
formed  upon  the  retina  is  practically  perfect.  The  layer  of 
rods  and  cones  of  the  retina  is  the  only  portion  of  the  eye  en- 
dowed directly  with  special  sensibility,  the  impressions  of 
light  being  conveyed  to  the  brain  by  the  optic  nerves.  This 
layer  is  situated  next  the  choroid,  but  the  other  layers  of  the 
retina,  through  which  the  light  passes  to  reach  the  rods  and 
cones,  are  perfectly  transparent. 

It  has  been  positively  demonstrated  that  the  rods  and 
cones  are  the  only  structures  capable  of  directly  receiving  vis- 
ual impressions,  by  the  following  interesting  experiment, 
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first  made  by  Purkinje :  *  We  concentrate  upon  the  sclerotic, 
with  a  convex  lens  of  short  focus,  an  intense  light,  at  a  point 
as  far  as  possible  removed  from  the  cornea.  This  passes 
through  the  translucent  coverings  of  the  eye  at  this  point, 
and  the  image  of  the  light  reaches  the  retina.  If  we  then 
look  at  a  dark  surface,  we  have  the  field  of  vision  presenting 
a  reddish-yellow  illumination,  with  a  dark,  arborescent  ap- 
pearance produced  by  the  shadow  of  the  large  retinal  vessels ; 
and,  as  we  move  the  lens  slightly,  the  shadow  of  the  vessels 
moves  with  it.  Without  going  elaborately  into  the  mechan- 
ism of  this  remarkable  phenomenon,  it  is  sufficient  to  state 
that  Heinrich  Muller1  has  arrived  at  an  absolute  mathemati- 
cal demonstration  that  the  shadows  of  the  vessels  are  formed 
upon  the  layer  of  rods  and  cones,  and  that  this  layer  alone 
is  capable  of  receiving  impressions  of  light.  His  explanation 
is  accepted  by  all  writers  at  the  present  day,  and  is  regarded 
as  positive  proof  of  the  peculiar  sensibility  of  this  portion  of 
the  retina.  In  carefully-conducted  observations  of  this  kind, 
a  spot  is  seen  in  which  no  vessels  appear,  which  corresponds 
to  the  fovea  centralis.  When  the  experiment  is  prolonged, 
the  vessels  disappear,  as  the  sensibility  of  the  retina  becomes 
diminished  by  fatigue.* 

Theoretically,  an  illuminated  object  placed  in  the  angle 
of  vision  would  form  upon  the  retina  an  image,  diminished  in 
size  and  inverted.  This  fact  is  capable  of  actual  demonstra- 
tion. In  white  rabbits  and  other  albinos,  Magendie  has  been 
able,  by  removing  the  fat  and  muscles  covering  the  posterior 
portion  of  the  eye,  to  see  the  image  of  a  flame  upon  the  reti- 
na, inverted  and  diminished.4    By  an  ingeniously-arranged 

1  Purkinje,  Beitrdge  tur  Kenntniaa  dea  Sehena  in  aubjectiver  Hinsicht,  Prag, 
1819,  S.  89,  at  aeq. 

9  HsnnucH  Mullsr,  AncUomiach-physiologiache  Unierauchungen  iiber  die  Reti- 
na, Leipzig,  1856,  S.  107,  d  aeq. 

*  Helmholtz,  Optique  phyziologique,  Paris,  1867,  p.  214,  et  aeq. 

Helmholtz  gives  a  very  full  explanation  of  these  phenomena  and  of  their 
physiological  importance. 

4  Magindik,  PrtcU  Hhnentaire  de  physiologxe,  Paris,  1836,  tome  i.,  p.  79. 
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experiment  in  a  dark  chamber,  Volkmtan  has  observed  such 
an  image  in  the  Unman  subject.1  The  most  satisfactory  ob- 
servations, however,  have  been  made  with  the  ophthalmo- 
scope. With  this  instrument,  the  retina  and  the  images 
formed  upon  it  may  be  seen  during  life  with  perfect  distinct- 
ness." 

All  parts  of  the  retina,  except  the  point  of  entrance  of 
the  optic  nerve,  are  sensible  to  light ;  and  the  arrangement 
of  the  cornea  and  pupil  is  such,  that  the  field  of  vision  is,  at 
the  least  estimate,  equal  to  the  half  of  a  sphere.  If  a  ray 
of  light  fall  upon  the  border  of  the  cornea  at  a  right  angle  to 
the  axis  of  the  eye,  it  is  refracted  by  its  surface  and  will  pass 
through  the  pupil  to  the  border  of  the  retina  upon  the  oppo- 
site side.  Above  and  below,  the  circle  of  vision  is  cut  off  by 
the  overhanging  arch  of  the  orbit  and  the  malar  prominence ; 
but  externally  the  field  is  free.  With  the  two  eyes,  there- 
fore, the  lateral  field  of  vision  must  be  equal  to  at  least  one 
hundred  and  eighty  degrees.  It  is  easy  to  demonstrate,  how- 
ever, by  the  ophthalmoscope,  as  well  as  by  taking  cognizance 
of  the  impressions  made  by  objects  far  removed  from  the 
axis  of  distinct  vision,  that  images  formed  upon  the  lateral 
and  peripheral  portions  of  the  retina  are  confused  and  im- 
perfect. We  have  a  knowledge  of  the  presence  and  an  in- 
definite idea  of  the  general  form  of  large  objects  situated 
outside  of  the  area  of  distinct  vision ;  but,  when  we  wish  to 
note  such  objects  exactly,  the  eyeball  is  turned  by  muscular 
effort,  so  as  to  bring  them  at  or  very  near  the  axis  of  the 
globe.  This  fact,  with  what  we  know  of  the  mechanism  of 
refraction  by  the  cornea  and  lens,  makes  it  evident  that  the 
area  of  the  retina  upon  which  images  are  formed  with  perfect 
distinctness  is  quite  restricted.  A  moment's  reflection  is  suf- 
ficient to  convince  any  one,  that,  in  order  to  see  any  object 
distinctly,  we  must  look  at  it,  or  bring  the  axis  of  the  eye  to 

1  Volkmanw,  Sehen,  in  Wagner,  Handworterbuch  der  PhyMogie,  Braun- 
schweig, 1846,  Bd.  iii.,  Erete  Abtheilung,  S.  287. 

'  Helxholtz,  OpHque  phytiologique,  Paris,  1867,  p.  87. 
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bear  upon  it  directly.  Let  us  see,  now,  how  far  this  fact  is 
capable  of  positive  demonstration. 

If  we  examine  the  bottom  of  the  eye  with  the  ophthal- 
moscope, we  can  see  the  yellow  spot  with  the  fovea  centralis, 
apparently  free  from  blood-vessels,  and  composed,  as  we  know, 
chiefly  of  those  elements  of  the  retina  which  are  sensitive  to 
light  If,  at  the  same  time,  we  examine  an  image  for  which 
the  eye  is  perfectly  adjusted,  it  will  be  seen  that  this  image  is 
perfect  only  at  the  fovea  centralis ;  and,  if  the  object  be  re- 
moved from  the  axis  of  vision,  we  see  a  confused  image  upon 
the  retina  removed  from  the  fovea,  at  the  same  time  that  the 
subject  is  conscious  of  indistinct  vision.  In  the  words  of 
Helmholtz,  "  it  is  only  in  the  immediate  vicinity  of  the  ocular 
axis  that  the  retinal  image  possesses  entire  distinctness ;  be- 
yond this,  the  contours  are  less  defined.  It  is  in  part  for  this 
reason  that  in  general  we  see  distinctly  in  the  field  of  vision, 
only  the  point  that  we  fix.  All  the  others  are  seen  vaguely. 
This  lack  of  distinctness  in  indirect  vision,  in  addition,  de- 
pends also  upon  diminished  sensibility  of  the  retina :  at  a 
slight  distance  from  the  fixed  point,  the  distinctness  of  vision 
has  diminished  much  more  than  the  objective  distinctness  of 
retinal  images." l 

At  the  point  of  penetration  of  the  optic  nerve,  the  retina 
is  insensible  to  luminous  impressions ;  at  least,  its  sensibility 
is  so  obtuse  as  to  be  entirely  inadequate  for  the  purposes  of 
vision.  This  point  is  called  the  punctum  csecum;  and  its 
want  of  sensibility  was  demonstrated  many  years  ago  by  the 
experiments  of  Mariotte,  which  we  quote  verbatim  : 

u 1  f  asten'd  on  an  obscure  Wall  about  the  hight  of  my 
Eye,  a  small  round  paper,  to  serve  me  for  a  fixed  point  of 
Vision;  and  I  fastened  such  an  other  on  the  side  thereof 
towards  my  right  hand,  at  the  distance  of  about  2.  foot ;  but 
somewhat  lower  than  the  first,  to  the  end  that  it  might  strike 
the  Optich  Nerve  of  my  Eight  Eye,  whilst  I  kept  my  Left 
shut.    Then  I  plac'd  myself  over  against  the  First  paper,  and 

1  Helmholtz,  Optique  phyiologique,  Paris,  1867,  p.  88. 
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drew  back  by  little  and  little,  keeping  my  Bight  Eye  fixt  and 
very  steddy  upon  the  same ;  and  being  about  10.  foot  distant, 
the  second  paper  totally  disappear'd."  * 

In  this  experiment,  the  rays  of  light  from  the  paper 
which  has  disappeared  from  view  are  received  upon  the  puno- 
tum  caecum,  at  the  point  of  entrance  of  the  optic  nerve.  If 
the  observer  withdraw  himself  still  farther,  the  second  circle 
will  reappear,  as  the  rays  are  removed  from  the  punctum 
caecum.  With  the  ophthalmoscope,  the  point  of  penetration 
of  the  optic  nerve  may  be  readily  seen  in  the  living  eye.  If 
the  image  of  a  flame  be  directed  upon  this  point,  the  sensa- 
tion of  light  is  either  not  perceived,  or  it  is  very  faint  and 
indefinite,  and  is  then  probably  due  to  diffusion  to  other  por- 
tions of  the  retina. 

The  relative  sensibility  of  different  portions  of  the  retina 
has  been  accurately  measured  by  Yolkmann,  and  has  been 
found  to  be  in  an  inverse  ratio  equal  to  about  the  square  of 
the  distance  from  the  axis  of  most  perfect  vision.  This  ob- 
server calculated  the  distance  between  the  sensitive  elements 
of  the  retina  at  which  he  supposed  that  two  parallel  lines 
would  appear  as  one.  In  the  axis  of  vision,  the  distance  was 
0-00029',  and,  at  a  deviation  inward  of  8°,  it  was  0-03186',  a 
diminution  of  acuteness  of  more  than  a  hundred  times.  The 
following  table  gives  the  results  of  these  experiments : 


Angle  of  deviation  of  the 

Calculated  dlatanoe,  for  the 

object  Men,  from  the 

retinal  elements,  of  the 

Tlsaal  axis  inward. 

parallel  line*. 

0° 

0*00029* 

1° 

0*00055' 

2° 

0*00091' 

8° 

0*00141* 

4° 

0*00158' 

5° 

0*00180' 

6° 

0*00888' 

r 

001527' 

8° 

003186* 

1  Mariottb,  A  New  Discovery  touching  Vision, — Philosophical  Transaction*, 
London,  1668,  yoL  iii.,  p.  668. 
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This  table  illustrates,  with  great  exactness,  the  gradual  dimi- 
nution in  the  acuteness  of  vision  as  the  impressions  are  made 
farther  and  farther  from  the  visual  axis.1  The  experiments 
were  made  upon  the  same  principle  as  that  of  observations 
upon  the  tactile  sensibility  of  different  portions  of  the  skin 
by  testing  the  power  of  distinguishing  the  two  points  of  the 
aesthesiometer." 

The  fact  of  the  formation  of  images  upon  the  retina, 
which  are  exact  only  at  or  immediately  surrounding  the  fovea 
centralis,  being  settled,  it  remains  to  see  how  these  images 
are  rendered  perfect,  and  to  study  the  mechanism  of  refrac- 
tion by  the  transparent  media  of  the  eye. 

Mechanism  of  Refraction  in  the  Eye. 

A  visible  object  sends  rays  from  every  point  of  its  surface 
to  the  cornea.  If  the  object  be  near,  the  rays  from  each  and 
every  point  are  divergent  as  they  strike  the  eye.  Bays  from 
distant  objects  are  practically  parallel.  It  is  evident  that  the 
refraction  for  diverging  rays  must  be  greater  than  for  parallel 
rays,  as  a  necessity  of  distinct  vision ;  in  other  words,  the 
eye  must  be  accommodated  for  vision  at  different  distances. 
Leaving,  however,  the  mechanism  of  accommodation  for 
future  consideration,  we  shall  endeavor  to  show  how  the  rays 
of  light  as  they  penetrate  the  eye  are  refracted  and  brought 
to  a  focus  at  the  retina. 

The  important  agents  in  refraction  in  the  eye  are  the  sur- 
faces  of  the  cornea  and  the  crystalline  lens.  Careful  calcula- 
tions have  shown  that  the  index  of  refraction  of  the  aqueous 
humor  is  sensibly  the  same  as  that  of  the  substance  of  the 
cornea,  so  that,  practically,  the  refraction  is  the  same  as  if  the 
cornea  and  the  aqueous  humor  were  one  and  the  same  sub- 
stance. The  index  of  refraction  of  the  vitreous  humor  is 
practically  the  same  as  that  of  the  aqueous  humor,  both  being 
about  equal  to  the  index  of  refraction  of  pure  water.    Ee- 

1  Youucanit,  Sehen,  in  Wagner,  HandworterhueK  der  PhyMcgie,  Braun- 
schweig, 1846,  Bd.  iii,  Erate  Abtheilung,  R  834.  '  Bee  Dage  19. 
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fraction  by  the  crystalline  lens,  however,  is  more  complex  in 
its  mechanism ;  depending,  first,  upon  the  curvatures  of  its 
two  surfaces,  and,  again,  upon  the  differences  in  the  consist- 
ence of  different  portions  of  its  substance.  In  view  of  these 
facts,  we  may  simplify  the  conditions  of  refraction  in  the  eye 
by  assuming  the  following  arrangement : 

The  cornea  presents  a  convex  surface  upon  which  the  rayB 
of  light  are  received.  At  a  certain  distance  behind  its  an- 
terior border,  is  the  crystalline,  a  double-convex  lens,  corrected, 
sufficiently  for  all  practical  purposes,  both  for  spherical  and 
chromatic  aberration.  This  lens  is  practically  suspended  in  a 
liquid  with  an  index  of  refraction  equal  to  that  of  pure 
water ;  as  both  the  aqueous  humor  in  front  and  the  vitreous 
humor  behind  have  the  same  refractive  power.  Behind  the 
lens,  in  its  axis  and  exactly  in  the  plane  at  which  the  rays  of 
light  are  brought  to  a  focus  by  the  action  of  the  cornea  and 
the  lens,  is  the  fovea  centralis,  which  is  the  centre  of  distinct 
vision.  The  anatomical  elements  of  the  fovea  are  capable  of 
receiving  visual  impressions,  which  are  conveyed  to  the  brain 
by  the  optic  nerves.  All  impressions  made  upon  other  por- 
tions of  the  retina  are  comparatively  indistinct ;  and  the  point 
of  entrance  of  the  optic  nerve  is  insensible  to  light.1  Inas- 
much as  the  punctum  caecum  is  situated  in  either  teye  on  the 
nasal  side  of  the  retina,  in  normal  vision  rays  from  the  same 
object  cannot  fall  upon  both  points  at  the  same  time.  Thus, 
in  binocular  vision,  the  insensibility  of  the  punctum  caecum 
does  not  interfere  with  sight;  and  the  movements  of  the 
globe  prevent  any  notable  interference  in  vision,  even  with 
one  eye.   The  sclerotic  coat  is  for  the  protection  of  its  contents 

1  Some  writers  state  that  the  punctum  caecum  possesses  a  faint  sensibility  to 
light,  referring  to  the  old  experiments  of  Brewster  made  by  throwing  the  image 
of  a  candle-flame  upon  the  blind  spot,  and  to  recent  observations  with  the  oph- 
thalmoscope, in  support  of  this  assertion.  (Loncot,  TraUi  de  phynologic,  Paris, 
1869,  tome  iL,  p.  904.)  These  observations,  however,  are  fallacious,  for  the  rea- 
son that  it  is  impossible  to  exclude  impressions  made  by  the  diffusion  of  light  to 
the  sensitive  portions  of  the  retina.  The  weight  of  experimental  evidence  ia 
decidedly  in  favor  of  the  absolute  insensibility  of  the  blind  spot. 
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and  for  the  insertion  of  muscles.  The  iris  has  an  action 
similar  to  that  of  the  diaphragm  in  optical  instruments.  The 
suspensory  ligament  of  the  lens,  the  ciliary  body,  and  the 
ciliary  muscle  are  for  the  fixation  of  the  lens  and  its  accom- 
modation to  distinct  vision  at  different  distances.  The  cho- 
roid is  a  dark  membrane  for  the  absorption  of  light,  prevent- 
ing confusion  of  vision  from  reflection  within  the  eye. 

Refraction  by  the  cornea  is  effected  simply  by  its  external 
surface.  The  rays  of  light  from  a  distant  point  are  deviated 
by  its  convexity  so  that,  if  they  were  not  again  refracted  by 
the  crystalline  lens,  they  would  be  brought  to  a  focus  at  a 
point  situated  about  ^  of  an  inch  behind  the  retina.1  With- 
out the  crystalline  lens,  therefore,  distinct  vision  is  impossible, 
though  the  sensation  of  light  is  appreciated.  In  cases  of 
extraction  of  the  lens  for  cataract,  the  crystalline  is  supplied 
by  a  convex  lens  placed  before  the  eye. 

The  rays  of  light,  refracted  by  the  anterior  surface  of 
the  cornea,  are  received  upon  the  anterior  surface  of  the  crys- 
talline lens,  by  which  they  are  still  farther  refracted.  Passing 
through  the  substance  of  the  lens,  they  undergo  certain  modi- 
fications in  refraction  dependent  upon  the  differences  in  the 
various  strata  of  the  lens.  These  modifications  have  not  been 
accurately  calculated ;  but  it  is  sufficient  to  state  that  they 
contribute  to  the  accuracy  of  the  formation  of  the  retinal 
image  and  to  the  production  of  an  image  practically  free  from 
chromatic  dispersion.  As  the  rays  pass  out  of  the  crystalline 
lens,  they  are  again  refracted  by  its  posterior  curvature,  and 
are  brought  to  a  focus  at  the  area  of  distinct  vision. 

The  rays  from  all  points  of  an  object  distinctly  seen  are 
brought  to  a  focus,  if  the  accommodation  of  the  lens  be  cor- 
rect, upon  a  restricted  surface  in  the  macula  lutea ;  but  the 
rays  from  different  points  cross  each  other  before  they  reach 
the  retina,  and  the  image  is  consequently  inverted.  This  is 
a  fact  capable  of  actual  demonstration,  as  we  have  shown  in 
treating  of  the  formation  of  images  in  the  eyB. 

1  Hilmboltz,  OpHqw  physiciogique,  Paris,  1867,  p.  89. 
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Calculating  the  curvatures  of  the  refracting  surfaces  in 
the  eye  and  the  indices  of  refraction  of  its  transparent  media, 
it  has  been  pretty  clearly  shown,  by  mathematical  formulae, 
that  the  eye,  viewed  simply  as  an  optical  instrument,  and  not 
practically,  as  the  organ  of  vision,  presents  a  certain  degree 
of  spherical  and  chromatic  aberration ; 1  but  with  these  for- 
mulae we  have  little  to  do  in  our  purely  physiological  con- 
sideration of  vision.  As  a  matter  of  interest,  however,  we 
give  a  series  of  calculations,  according  to  the  best  authorities 
upon  the  subject  of  physiological  optics.* 

In  most  calculations  of  the  size  of  images,  the  positions 
of  conjugate  foci,  etc.,  in  normal  and  abnormal  eyes,  a  sche- 
matic eye  reduced  by  Donders,8  after  the  example  of  Listing,4 
is  regarded  as  sufficiently  exact  for  all  practical  purposes. 
This  simple  scheme  represents  the  eye  as  reduced  to  a  single 
refracting  surface,  the  cornea,  and  a  single  liquid  assumed  to 
have  an  index  of  refraction  equal  to  that  of  pure  water.  The 
distance  between  what  are  called  the  two  nodal  points  and  be- 
tween the  two  principal  points  of  the  dioptric  system  of  the 
eye  is  so  small,  amounting  to  hardly  jfo  of  an  inch,  that  it 
can  be  neglected.    In  this  simple  eye,  we  assume  a  radius  of 

1  For  an  exceedingly  interesting  account  of  the  eye  considered  as  an  optical 
instrument,  see  Hklvholtz,  L'ceil  conndirS  comme  instrument  oVoptique. — Revue 
dee  court  ecientifiquee,  Paris,  1808-1869,  tome  vi.,  p.  211,  et  seq. 

'  Hklmholtz,  Optigue  phyeiolooique^  Paris,  1867,  p.  90,  after  Listing. 

Index  of  refraction  of  the  atmosphere, 1 

Index  of  refraction  of  the  aqueous  humor, ^ff- 

Index  of  refraction  of  the  crystalline, £$ 

Index  of  refraction  of  the  vitreous  humor, \flf- 

Radius  of  curvature  of  the  cornea, 0*312  of  an  inch. 

Radius  of  curvature  of  the  anterior  surface  of  the  crystalline,  0*390  "  " 
Radius  of  curvature  of  the  posterior  surface  of  the  crystalline,  0*234  "  " 
Distance  between  the  anterior  surface  of  the  cornea  and  the 

anterior  surface  of  the  crystalline, 0*156      "       " 

Thickness  of  the  crystalline, 0156      "        " 

*  Donders,  On  the  Anomalies  of  Accommodation  and  Refraction  of  the  Eyt, 
The  New  Sydenham  Society,  London,  1864,  p.  176. 

4  Listing,  JDioptrik  dee  Augee,  in  Wagner,  ffandwdrterbuch  der  Physiologie, 
Braunschweig,  1858,  Bd.  iv.,  S.  493,  et  eeq. 
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curvature  of  the  cornea  of  about  -J-  of  an  inch,  and  have  a 
single  optical  centre  situated  -J-  of  an  inch  back  of  the  cornea, 
the  "  principal  point "  being  in  the  cornea  at  the  axis  of  vision. 
The  posterior  focal  distance,  that  is,  the  focus  at  the  bottom 
of  the  eye  of  rays  that  are  parallel  in  the  air,  is  about  f  of  an 
inch.  The  anterior  focal  distance,  that  is,  of  rays  parallel  in 
the  vitreous  humor,  is  about  J-  of  an  inch.  The  measure- 
ments in  this  simple  eye  can  be  easily  remembered  and  used 
in  calculations. 

Astigmatism. 

We  have  already  alluded  to  an  important  peculiarity  in 
the  optical  apparatus ;  viz.,  that  the  visual  line  does  not  coin- 
cide exactly  with  the  axis  of  the  eye.1  There  is  still  another 
normal  deviation  from  mathematical  exactness  in  the  refrac- 
tion of  rays  by  the  cornea  and  the  crystalline  lens,  which  is  of 
considerable  importance.  If  we  place  before  the  eyes  two 
threads  crossing  each  other  at  right  angles  in  the  same  plane, 
one  of  these  threads  being  vertical,  and  the  other,  horizontal, 
when  the  optical  apparatus  is  adjusted  so  that  one  line  is  seen 
with  perfect  distinctness,  the  other  is  not  well  defined.  In 
other  words,  when  we  accommodate  for  the  vertical  thread, 
the  horizontal  is  indistinct,  and  vice  versa.  If  the  horizontal 
line  be  seen  distinctly,  in  order  to  see  the  vertical,  without 
modifying  the  accommodation,  it  must  be  removed  to  a 
greater  distance.  This  depends  chiefly  upon  a  difference  in 
the  vertical  and  the  horizontal  curvatures  of  the  cornea,  so 
that  the  horizontal  meridian  has  a  focus  slightly  different 
from  the  focus  of  the  vertical  meridian.  A  condition  oppo- 
site to  that  observed  in  the  cornea  usually  exists  in  the  crys- 
talline lens ,  that  is,  the  difference  which  exists  between  the 
curvatures  of  the  lens  in  the  vertical  and  the  horizontal  me- 
ridians is  such  that  the  deepest  curvature  in  the  lens  is  situated 
in  the  meridian  of  the  shallowest  curvature  of  the  cornea. 
In  this  way,  in  normal  eyes,  the  aberration  of  the  lens  has  a 

1  See  page  72. 
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tendency  to  correct  the  aberration  in  the  cornea ;  but  this  cor- 
rection is  incomplete,  and  there  still  remains,  in  all  degrees 
of  tension  of  accommodation,  a  marked  difference  in  the 
vision  as  regards  vertical  and  horizontal  lines. 

The  condition  just  described  is  known  under  the  name  of 
normal,  regular  astigmatism ;  but  the  aberration  is  not  suffi- 
ciently great  to  interfere  with  distinct  vision*  The  degree  of 
regular  astigmatism  presents  normal  variations  in  different 
eyes.  In  some  eyes  there  is  no  astigmatism;  but  this  is  rare. 
According  to  Donders,  if  the  astigmatism  amount  to  ^  or 
more,  it  is  to  be  considered  abnormal ; l  which  simply  means 
that,  beyond  this  point,  the  aberration  interferes  with  distinct 
vision. 

From  the  mere  definition  of  regular  astigmatism,  it  is 
evident  that  this  condition  and  the  degree  to  which  it  exists 
may  easily  be  determined  by  noting  the  differences  in  the 
foci  for  vertical  and  horizontal  lines,  and  it  may  be  exactly 
corrected  by  the  application  of  cylindrical  glasses  of  proper 
curvature.  Indeed,  the  curvature  of  a  cylindrical  glass,  which 
will  enable  a  person  to  distinguish  vertical  and  horizontal 
lines  with  perfect  distinctness  at  the  same  time,  is  an  exact 
indication  of  the  degree  of  aberration.  Regular  astigmatism, 
such  as  we  have  described,  may  be  so  exaggerated  as  to  inter- 
fere very  seriously  with  vision,  when  it  becomes  abnormal. 
This  kind  of  aberration,  however,  which  is  dependent  upon 
an  abnormal  condition  of  the  cornea,  is  remediable  by  the 
use  of  properly-adjusted  cylindrical  glasses. 

Irregular  astigmatism,  excluding  cases  of  pathological  de- 
formation, opaque  spots,  etc.,  in  the  cornea,  depends  upon  ir- 
regularity in  the  different  sectors  of  the  crystalline  lens.  In- 
stead of  a  simple  and  regular  aberration,  consisting  in  a 
difference  between  the  depth  of  the  vertical  and  the  horizon- 
tal curvatures  of  the  cornea  and  lens,  we  have  irregular  varia- 
tions in  the  curvatures  of  different  sectors  of  the  lens.    As  a 

1  Donders,  On  the  Anomalie$  of  Accommodation  and  Refraction  of  the  -fifo 
The  New  Sydenham  Society,  London,  1864,  p.  456. 
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consequence  of  this,  when  the  irregularities  are  very  great, 
there  is  impairment  of  the  sharpness  of  vision.  The  circles 
of  diffusion,  which  .are  regular  in  normal  vision,  become  ir- 
regularly radiated,  and  single  points  appear  multiple,  an  ir- 
regularity described  by  Donders,  under  the  name  of  polyopia 
monocularis.1  Accurate  observations  have  shown  that  this 
condition  exists  to  a  very  slight  degree  in  normal  eyes ;  but 
it  is  so  slight  as  not  to  interfere  with  ordinary  vision.  In 
what  is  called  normal,  irregular  astigmatism,  the  irregularity 
depends  entirely  upon  the  crystalline  lens.  If  we  place 
before  the  eye  a  card  with  a  very  small  opening,  and  move 
this  before  the  lens,  so  that  the  pencil  of  light  falls  succes- 
sively upon  different  sectors,  it  can  be  shown  that  the  focal 
distance  is  different  for  different  portions.  The  radiating 
lines  of  light  observed  in  looking  at  remote  luminous  points, 
as  the  fixed  stars,  are  produced  by  this  irregularity  in  the 
curvatures  of  the  different  sectors  of  the  lens. 

•  While  regular  astigmatism,  both  normal  and  abnormal, 
may  be  perfectly  corrected  by  placing  cylindrical  glasses 
before  the  eyes,  it  is  impossible,  in  the  great  majority  of  cases, 
to  construct  glasses  which  will  remedy  the  irregular  form. 

For  a  complete  account  of  the  different  forms  of  astig- 
matism, the  reader  is  referred  to  the  more  elaborate  works  on 
ophthalmology.  We  have  considered  the  subject  briefly,  as 
illustrating  some  of  the  aberrations  in  the  normal  eye,  which, 
though  they  do  not  interfere  materially  with  distinct  vision, 
indicate  clearly  enough  that  the  eye  is  by  no  means  a  perfect 
optical  instrument. 

1  Dondkeb,  On  the  Anomalies  of  Accommodation  and  Refraction  of  the  Eye^ 
The  New  Sydenham  Society,  London,  1864,  p.  643. 
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MOVEMENTS  OF  THE  IMS — ACCOMMODATION. 

Direct  action  of  light  upon  the  iris — Action  of  the  nervous  system  on  the  iris- 
Mechanism  of.  the  movements  of  the  iris — Accommodation  of  the  eye  to 
vision  at  different  distances — Theories  of  accommodation — Changes  in  the 
crystalline  lens  in  accommodation — Action  of  the  ciliary  muscle — Changes 
in  the  iris  in  accommodation. 

The  movements  of  the  iris  are  sufficiently  simple,  as  well 
as  the  physiological  conditions  under  which  they  take  place ; 
and  it  is  only  when  we  come  to  study  the  exact  mechanism 
of  the  production  of  these  movements  through  the  nervous 
system,  that  the  subject  becomes  complex,  and,  to  a  certain 
extent,  obscure.  As  regards  the  movements  themselves,  the 
simple  facts  are  as  follows : 

There  are  two  physiological  conditions  under  which  the 
size  of  the  pupil  is  modified:  The  first  of  these  depends 
upon  the  amount  of  light  to  which  the  eye  is  exposed.  When 
the  quantity  of  light  is  small,  the  pupil  is  widely  dilated,  so 
as  to  admit  as  much  as  possible  to  the  retina.  When  the  eye 
is  exposed  to  a  bright  light,  the  retina  is  protected  by  con- 
traction of  the  iris.  The  muscular  action  by  which  the  iris  is 
contracted  is  characteristic  of  the  smooth  muscular  fibres,  as 
can  be  readily  seen  by  exposing  an  eye,  in  which  the  pupil  is 
dilated,  to  a  bright  light.  Contraction  does  not  take  place 
instantly,  but  an  appreciable  interval  elapses  after  the  expos- 
ure, and  a  more  or  less  gradual  diminution  in  the  size  of  the 
pupil  is  observed.  This  is  seen  both  in  solar  and  in  artificial 
light.  The  second  of  these 'conditions  depends,  indirectly, 
upon  the  voluntary  action  of  muscles.    We  have  already  seen, 
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in  connection  with  the  physiology  of  the  third  pair  of  nerves, 
that  the  effort  of  converging  the  axes  of  the  eyes  by  looking 
at  a  very  near  object  contracts  the  pupils.1  We  shall  see, 
also,  that  the  effort  of  accommodation  of  the  eye  for  near  ob- 
jects produces  the  same  effect,  even  when  the  eyes  are  not 
converged.  This  action  will  be  fully  considered  under  the 
head  of  accommodation. 

One  point  relating  to  the  anatomy  of  the  iris  is  of  great 
importance  in  connection  with  the  physiology  of  its  move- 
ments ;  and  that  is  the  question  of  the  existence  of  dilator 
fibres.  Upon  this  point  there  is  some  difference  of  opinion ; 
but,  as  we  stated  in  treating  of  the  structure  of  the  eye,  the 
weight  of*  anatomical  authority  is  decidedly  in  favor  of  the 
existence  of  radiating  fibres.*  The  physiology  of  the  iris  is 
much  more  easily  understood,  if  we  assume  the  existence  of 
these  fibres,  and  this  is  the  view  that  we  have  adopted. 

Direct  Action  of  Light  upon  the  Iris. — The  variations  in 
the  size  of  the  pupil  under  different  physiological  conditions 
are  effected  almost  exclusively  through  the  nervous  system, 
either  by  reflex  action  from  variations  in  the  intensity  of 
light,  or  by  a  direct  influence,  as  in  accommodation  for  dis- 
tances ;  but  it  is  nevertheless  true  that  the  muscular  tissue  of 
the  iris  will  respond  directly  to  the  stimulus  of  light.  In  a 
memoir  presented  to  the  French  Academy  of  Sciences,  in 
1847,  it  was  shown  by  Dr.  Brown-S6quard,  that,  in  some  of 
the  lower  animals,  frogs,  eels,  etc.,  the  iris  continued  to  con- 
tract under  the  stimulus  of  light  many  days,  even,  after  death. 
In  frogs,  the  pupil  was  made  to  alternately  contract  and  dilate, 
from  fifty  to  one  hundred  times  in  a  minute,  in  the  eye 
extracted  from  the  orbit.*  Analogous  phenomena  have  been 
observed  by  Harless  in  the  human  subject  after  death.   These 

1  See  vol  iv.,  Nervous  System,  p.  134. 

■See page  58. 

*  Brown-S6quard,  Recherche*  experimentaks  sur  V influence  excitatrice  de  la 
lurmh-e,  du  /raid  et  de  la  chaleur  sur  Virie.—Journal  de  la  physiologic,  Paris, 
1869,  tome  ii.,  p.  282. 
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observations  are  exceedingly  interesting  in  connection  with 
some  of  the  contradictory  experiments  of  physiologists  upon 
the  action  of  the  motores  ocnlornm  upon  the  iris.  Harless 
noted,  in  subjects  dead  of  various  diseases,  from  five  to  thirty 
hours  after  death,  that  the  iris  contracted  under  the  stimulus 
of  light ;  and  he  justly  remarks  that  this  is  probably  due  to 
direct  action  upon  its  muscular  tissue,  and  that  it  is  not 
reflex,  for  the  reason  that  the  irritability  of  the  nerves  in 
warm-blooded  animals  disappears  certainly  in  twenty  hours 
after  death.  The  experiments  of  Harless  were  made  upon 
the  two  eyes,  one  being  exposed  to  the  light  with  the  other 
closed.  The  contraction,  however,  took  place  very  slowly, 
requiring  an  exposure  of  several  hours.1  This  mode  of  con- 
traction is  very  different  from  the  action  of  the  iriB  during 
life,  but  is  precisely  like  the  contraction  observed  by  Bernard 
after  division  of  the  motor  oculi  communis,  which  is  slow  and 
gradual  and  undoubtedly  depends  upon  the  direct  action  of 
light  upon  the  muscular  fibres.1 

Action  of  the  J¥ervous  System  upon  the  Iris. — This  sub- 
ject, as  far  as  it  relates  to  the  third  pair,  has  been  pretty  fully 
considered  in  connection  with  the  physiology  of  these  nerves ; 
and  it  is  unnecessary  to  refer  again  in  detail  to  the  experiments 
which  have  already  been  cited.  The  reflex  phenomena  ob- 
served are  sufficiently  distinct.  When  light  is  admitted  to 
the  retina,  the  pupil  contracts,  and  the  same  result  follows 
mechanical  irritation  of  the  optic  nerves.  When  the  third 
pair  of  nerves  has  been  divided,  no  such  reflex  phenomena 
are  observed.  It  is  well  known,  also,  that  division  of  the 
third  nerves  in  the  lower  animals  or  their  paralysis  in  the 
human  subject  produces  permanent  dilatation  of  the  pupil, 
the  iris  responding,  only  in  the  slow  and  gradual  manner 
already  indicated,  to  the  direct  action  of  light. 

The  experiments  made  by  direct  stimulation  of  the  third 

1  Hakless,  Die  MtukelirritabUiUU,  MGnchen,  1848. 
*  See  toL  iy.,  Nervous  System,  p.  188. 


MOVEMENTS  OF  THE  IRIS.  99 

nerve  are  somewhat  contradictory.  Some  experimenters  have 
noted  that  stimulation  of  these  nerves  produces  immediate 
contraction  of  the  pupil ;  but  Bernard,  Chauveau,  and  others 
failed  to  observe  this  as  a  constant  phenomenon,  and  assume 
that,  when  contraction  occurs,  it  is  due  to  an  extension  of  the 
irritation,  either  to  the  ophthalmic  branch  of  the  fifth  or  to 
the  ciliary  nerves  passing  to  the  iris  from  the  ophthalmic 
ganglion.1  The  experiments  upon  the  inferior  animals  were 
in  the  main  confirmed  in  the  human  subject  by  Nuhn,  in  ob- 
servations made  upon  the  head  of  a  decapitated  criminal.* 

Taking  all  the  experimental  facts  into  consideration,  it  is 
certain  that  the  third  nerve  has  an  important  influence  upon 
the  iris.  Filaments  from  the  ophthalmic  ganglion  animate 
the  circular  fibres,  or  sphincter,  and  these  filaments  derive 
their  power  from  the  third  cranial  nerve.  If  this  nerve  be 
divided,  the  iris  becomes  permanently  dilated  and  is  immov- 
able, except  that  it  responds  very  slowly  to  the  direct  action 
of  light.  The  reflex  action  by  which  the  pupil  is  contracted 
under  the  stimulus  of  light  operates  through  the  third  nerve, 
and  no  such  action  can  take  place  after  this  nerve  has  been 
divided.  In  view  of  these  facts,  there  can  be  no  doubt  with 
regard  to  the  nervous  action  upon  the  sphincter  of  the  pupil, 
this  muscle  being  animated  exclusively  by  filaments  from  the 
motor  oculi  communis,  coming  through  the  ophthalmic  gan- 
glion. 

We  admit,  with  most  modern  anatomists,  the  existence  of 
radiating  muscular  fibres  in  the  iris,  the  action  of  which  is 
antagonistic  to  the  circular  fibres,  and  which  dilate  the  pupil. 
That  these  fibres  are  subjected  to  nervous  influence  is  certain 
from  experiments  upon  the  sympathetic  system. 

The  effects  of  division  of  the  sympathetic  in  the  neck  have 
been  treated  of  fully  in  connection  with  the  general  functions 

1  See  vol.  iv.,  Nervous  Systeiri,  p.  133. 

*  Nuhk,  Vermche  an  einem  Enthauptetm  nebtt  erlduternden  Vermtchen  an 
Thieren.—ZeiUchriftfiir  raiioneUe  Medeein,  Heidelberg,  1853,  Neue  Folge,  Bd. 
iil,  S.  135. 


100  SPECIAL  8EN3BS. 

of  these  nerves.  It  will  be  sufficient  for  our  present  purposes 
to  state,  in  a  general  way,  the  influence  of  these  nerves  upon 
the  movements  of  the  iris.  The  original  observations  of  di- 
vision of  the  sympathetic  in  the  neck,  made  by  Pourfour  du 
Petit,  in  1712  and  1725,  showed  that  this  operation  produced 
marked  and  permanent  contraction  of  the  pupil.  These  ex- 
periments have  been  repeatedly  confirmed,  and  have  been  ex- 
tended by  more  modern  observers  to  show  that,  after  division 
of  the  nerve,  galvanization  of  the  superior  extremity  pro- 
duces enlargement  of  the  pupil.  They  have  also  been  re- 
peated and  confirmed  by  Nuhn  *  and  by  Wagner/  who  oper- 
ated upon  the  human  subject  a  short  time  after  decapitation. 

There  can  be  no  doubt  that  the  action  of  the  sympathetic 
upon  the  pupil  is  directly  antagonistic  to  that  of  the  third  pair, 
the  former  presiding  over  the  radiating,  or  dilating  muscular 
fibres ;  and  the  only  question  to  determine  is  the  course  taken 
by  the  sympathetic  filaments  to  the  iris.  Experiments  on 
the  influence  of  the  fifth  pair  upon  the  pupil  have  been  some- 
what contradictory  in  different  animals.  In  rabbits,  section 
of  this  nerve  in  the  cranial  cavity  produces  contraction  of  the 
pupil ;  but  in  dogs  and  cats  the  same  operation  produces  dila- 
tation.* In  the  human  subject,  of  course,  it  is  impossible  to 
determine  this  point  by  direct  experiment ;  and  the  varying 
results  obtained  in  observations  upon  different  animals  prob- 
ably depend  upon  differences  in  the  anatomical  relations  of 
the  nerves. 

The  experiments  of  Donders,  made  upon  rabbits,  in  which 
division  of  the  fifth  was  found  to  produce  contraction  of  the 
pupil,  show  that  this  influence  is  derived  from  connections  of 
the  sympathetic  with  the  fifth  at  or  near  the  ganglion  of 
Gasser.  In  the  first  place,  it  had  been  shown  by  Bernard, 
that  contraction  of  the  iris  follows  division  of  the  fifth,  even 

1  Nuhn,  ZeiUehrift  fur  rationeUe  Medecin,  Heidelberg,  1853,  Neue  Folge,  Bd. 
lii.,  S.  135. 

*  Wagner,  Note  tur  quelque*  expiriences  tur  la  par  tie  cervical*  du  nerf  grand 
$ympathique,  chez  une  fenune  d&capitie. — Journal  de  la  phynologie^  Paris,  I860, 
tome  iii.,  p.  175.  *  See  vol.  iv.,  Nervous  System,  p.  194. 
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if  the  third  nerves  have  been  extirpated;1  which  makes  it 
evident  that  the  influence  of  the  fifth  is  direct,  and  not  reflex 
through  the  third.  Donders  exposed  and  galvanized  the 
sympathetic  in  the  neck,  to  demonstrate  the  continued  action 
of  this  nerve  upon  the  iris.  He  then  divided  the  fifth  in  the 
cranial  cavity ;  and,  after  this  division,  in  four  out  of  eleven 
experiments,  galvanization  of  the  sympathetic  in  the  neck 
failed  to  produce  contraction  of  the  pupil.1  These  experi- 
ments would  seem  to  show  that  the  filaments  from  the  sym- 
pathetic which  act  upon  the  iris  join  the  fifth,  and  that  when 
the  fifth  is  divided,  the  communication  between  this  nerve 
and  the  radiating  muscular  fibres  is  cut  off.  It  is  somewhat 
difficult  to  explain  the  slight  contraction  of  the  pupil  follow- 
ing galvanization  of  the  sympathetic  after  division  of  the 
fifth  in  seven  out  of  the  eleven  experiments,  except  by  the 
fact,  that,  in  many  cases  of  division  of  the  fifth  in  the  cranial 
cavity,  the  sympathetic  filaments  are  not  included  in  the 
section. 

There  seem  to  be  two  distinct  nerve-centres  correspond- 
ing to  the  two  sots  of  nerves  which  regulate  the  movements 
of  the  iris.  One  of  these  centres  presides  over  the  reflex  con- 
tractions of  the  iris,  and  the  other  is  the  centre  of  origin  of 
the  nervous  influence  through  which  the  pupil  is  dilated. 

The  mechanism  of  reflex  contraction  of  the  iris  under  the 
stimulus  of  light  is  sufficiently  simple.  An  impression  is 
made  upon  the  retina,  which  is  conveyed  by  the  optic  nerves 
to  the  centre  of  vision,  and,  in  obedience  to  this  impression, 
the  sphincter  of  the  iris  contracts.  If  the  optic  nerves  be 
divided,  so  that  the  impression  cannot  be  conveyed  to  the 
centre,  or  if  we  divide  the  third  pair,  through  which  the 
motor  stimulus  is  conveyed  to  the  muscular  fibres,  no  move- 
ments of  the  iris  can  take  place.    The  centres  which  preside 

1  Bernard,  Zepons  tur  la  phyeiologie  et  la  pathologic  du  eyeihne  nerveux,  Paris, 
1858,  tome  ii.,  pp.  208,  209. 

1  Doiroma,  Anomalies  of  Accommodation  and  Refraction  of  the  Eye,  The 
Sew  Sydenham  Society,  London,  1864,  p.  582. 
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over  these  reflex  phenomena  are  situated  in  the  tubercula 
quadrigemina.  In  the  remarkable  experiments  of  Flourens 
upon  the  encephalic  centres,  it  was  shown  that  the  iris  loses 
its  mobility  after  destruction  of  the  tubercula.1  This  fact 
has  been  repeatedly  confirmed  by  later  experimenters.  In 
birds,  in  which  the  decussation  of  the  optic  nerves  is  com- 
plete, this  action  is  crossed,  destruction  of  the  tubercle  upon 
one  side  producing  immobility  of  the  iris  upon  the  opposite 
side ;  but  in  man,  where  the  anatomical  relations  of  the  optic 
nerves  upon  the  two  sides  are  more  complex,  the  crossed  ac- 
tion is  probably  not  so  complete.  In  man,  the  axes  of  both 
eyes  are  habitually  brought  to  bear  upon  objects,  and  it  is 
well  known  that  there  is  a  physiological  unity  in  the  action 
of  the  two  eyes  in  ordinary  vision.  "We  also  observe  that, 
when  one  eye  only  is  exposed  to  light,  the  pupil  becoming 
contracted  under  this  stimulus,  the  pupil  of  the  other  eye 
also  contracts.  There  is,  indeed,  a  direct  contraction  and  di- 
latation of  the  pupil  of  the  eye  which  is  exposed  to  the  light, 
and  an  indirect,  or  "  consensual "  movement  of  the  iris  upon 
the  opposite  side.  The  consensual  contraction  occurs  about 
f  of  a  second  later  than  the  direct  action,  and  the  consensual 
dilatation,  about  $  of  a  second  later.* 

Budge  and  Waller  have  shown  that  the  filaments  of  the 
sympathetic  which  produce  dilatation  of  the  pupil  take  their 
origin  from  the  spinal  cord.  In  the  spinal  cord,  between  the 
sixth  cervical  and  the  second  thoracic  nerves,  is  situated  the 
inferior  cilia-spinal  centre.  When  the  spinal  cord  is  stimu- 
lated in  this  situation,  both  pupils  become  dilated.  If  the 
cord  be  divided  longitudinally  and  the  two  halves  be  sepa- 
rated from  each  other  by  a  glass  plate,  stimulation  of  the  right 
half  produces  dilatation  of  the  right  pupil,  and  vice  versa.9 

1  Flourens,  Recherche*  exphimentaUt  ntr  let  propriitU  et  let  fonctiont  du 
tyst&ne  nervenx,  Paris,  1842,  p.  144,  et  teq. 

1  Bonders,  Anomalies  of  Accommodation  and  Refraction  of  the  Eye,  The 
New  Sydenham  Society,  London,  1864,  p.  578. 

8  Brown-Sequard  assigns  wider  limits  to  the  cilio-spinal  centre.  He  states 
that  "  section  of  a  lateral  half  of  the  spinal  cord  at  the  lerel  of  the  fifth,  the 
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This  does  not  occur  when  the  sympathetic  in  the  neck  has 
been  divided.  In  addition  to  the  inferior  cilio-spinal  centre, 
there  is  a  superior  centre,  which  is  in  communication  with  the 
superior  cervical  ganglion  and  is  situated  near  the  sublingual 
nerve.  The  influence  of  this  centre  over  the  pupil  cannot  be 
demonstrated  by  direct  stimulation,  because  it  is  too  near  the 
origin  of  the  fifth,  irritation  of  which  has  an  influence  over 
the  iris ;  but  it  is  shown  by  division  of  its  filaments  of  com- 
munication with  the  iris.1 

Section  and  galvanization  of  the  different  nerves  which 
regulate  the  movements  of  the  iris  have  a  certain  influence 
upon  its  vascularity ;  and,  indeed,  it  has  been  thought  that 
contraction  is  in  a  measure  due  to  congestion  of  its  vessels,  and 
dilatation,  to  an  opposite  condition.  This  view  is  adopted  by 
some  of  those  who  deny  the  existence  of  the  radiating  mus- 
cular fibres.  Assuming  that  the  size  of  the  pupil  is,  to  a  cer- 
tain extent,  affected  by  the  condition  of  the  vessels,  it  is  evi- 
dent that  the  extensive  movements  of  the  iris  are  due  mainly 
to  muscular  action.  It  has  been  also  shown  by  Brown-S6- 
quard,  that  the  changes  in  the  iris  produced  by  injection  of 
its  vessels  are  not  to  be  compared  with  its  physiological 
movements.9  The  changes  in  vascularity  produced  by  divid- 
ing or  galvanizing  the  sympathetic  do  not  differ  from  the 

sixth,  and  even  sometimes  as  low  down  as  the  ninth  or  tenth  dorsal  vertebra, 
affects  the  iris  like  the  section  of  the  sympathetic,  though  in  a  less  degree." 
(Physiology  and  Pathology  of  the  Central  Nervous  System,  Philadelphia,  I860, 
p.  144.) 

1  Budge,  Zehrbueh  der  speciellen  Physiologie  des  Menschen,  Leipzig,  1862,  S. 
767,  et  seq. 

According  to  the  observations  of  Chauveau,  the  cilio-spinal  centre  acts  on 
the  iris  as  a  reflex  centre  and  not  as  a  centre  exerting  a  direct  influence.  He 
has  shown  that  excitation  of  the  sensitive  roots  coming  from  this  region  produces 
the  same  phenomena  as  irritation  of  the  posterior  columns  of  the  cord,  though 
with  less  intensity.  (Chauvkau,  Action  de  la  modle  epinbre  sur  Viris. — Journal 
de  la  physiologie,  Paris,  1861,  tome  iv.,  p.  883.) 

'  Brown-S£quabd,  Recherches  experimental**  sur  V influence  excitatrice  de  la  lu- 
mUre,  dufroid  etdela  chaleur  sur  Viris. — Journal  de  la  physiologie,  Paris,  1859, 
tome  it,  p.  462. 
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phenomena  noted  in  experiments  upon  other  portions  of  the 
sympathetic  system. 

Accommodation  of  the  Eye  to   Vision  at  Different  Dis- 
tances. 

The  mechanism  by  which  the  eye  is  adjusted  for  distinct 
vision  at  different  distances  i^one  of  the  most  interesting  and 
important  points  connected  with  the  physiology  of  the  sight. 
At  the  present  day,  this  point  may  be  regarded  as  definitely 
settled,  particularly  since  the  variations  in  the  thickness  and 
the  curvatures  of  the  crystalline  lens  have  been  so  accurately 
measured  by  Helmholtz.  We  shall  have  little  to  say  with 
regard  to  the  various  theories  of  accommodation  advanced  by 
the  older  physiologists,  except  to  indicate,  in  a  very  general 
way,  the  most  plausible  views  that  have  been  adopted  from 
time  to  time  by  physiological  writers.  In  the  first  place,  we 
shall  note  certain  physical  laws  and  their  application  to  the 
eye,  which  show  the  necessity  for  accommodation. 

Supposing  the  eye  to  be  adapted  to  vision  at  an  infinite 
distance,  in  which  the  rays  from  an  object,  as  they  strike  the 
cornea,  are  practically  parallel,  it  is  evident  that  the  foci  of 
the  rays,  as  they  form  a  distinct  image  upon  the  retina,  are 
all  situated  at  the  proper  plane.  Under  these  conditions,  in 
a  perfectly  normal  eye,  the  image,  appreciated  by  the  indi- 
vidual or  seen  by  means  of  the  ophthalmoscope,  is  perfectly 
clear  and  distinct.  If  the  foci  be  situated  in  front  of  the 
retina,  the  rays,  instead  of  coming  to  a  focus  upon  a  point  in 
the  retina,  will  cross,  and,  from  their  diffusion,  or  dispersion, 
will  produce  indistinct  vision.  Under  these  circumstances, 
a  distinct  point  is  not  perceived,  but  every  point  in  the  image 
is  surrounded  by  an  indistinct  circle.  These  are  called  "  cir- 
cles of  diffusion."  If,  now,  the  eye,  adjusted  for  vision  at  an 
infinite  distance,  be  brought  to  bear  upon  a  near  object,  the 
rays  from  which  are  divergent  as  they  6trike  the  cornea,  the 
image  will  be  no  longer  distinct,  but  will  be  obscured  by  cir- 
cles of  diffusion.    It  is  the  adjustment  by  which  these  circles 
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of  diffusion  are  removed  that  constitutes  accommodation. 
This  fact  has  been  demonstrated  by  Helmholtz  by  means  of 
the  ophthalmoscope.  "  If  the  eye  be  adjusted  to  the  obser- 
vation of  an  object  placed  at  a  certain  distance,  it  is  found 
that  the  image  of  a  flame,  placed  at  the  same  distance,  is 
produced  with  perfect  distinctness  upon  the  retina,  and, 
at  the  same  time,  upon  the  illtuninated  plane  of  the  image, 
the  vessels  and  the  other  anatomical  details  of  the  retina 
are  seen  with  equal  distinctness.  But,  when  the  flame  is 
brought  considerably  nearer,  its  image  becomes  confused, 
while  the  details  of  the  structure  of  the  retina  remain  per- 
fectly distinct."  * 

It  is  evident  that  there  is  a  certain  condition  of  the  eyes 
adapted  to  vision  at  an  infinite  distance,  and  that,  for  the 
clear  perception  of  near  objects,  the  transparent  media  must 
be  bo  altered  in  their  arrangement,  or  in  the  curvatures  of 
their  surfaces,  that  the  refraction  will  be  greater ;  for,  without 
this,  the  rays  would  be  brought  to  a  focus  beyond  the  retina. 
It  is  the  mechanism  of  this  adjustment  to  distances  that  has 
engaged  the  attention  of  physiologists  for  so  many  years. 

To  produce  the  necessary  changes  in  the  refractive  power 
of  the  eye,  physiologists  have  supposed  a  variety  of  conditions, 
none  of  their  theories,  however,  presenting  any  positive  basis 
in  fact.  It  was  thus  with  the  theory  that  contraction  of  the 
pupil  was  sufficient  for  accommodation ;  that  the  curvature  of 
the  cornea  was  increased  for  near  objects ;  that  the  lens  was 
displaced,  as  in  the  adjustment  of  ordinary  optical  instru- 
ments ;  and  the  idea  that  the  antero-posterior  diameter  of  the 
eye  was  modified.  The  theory  that  has  since  been  proven 
to  be  correct ;  namely,  that  of  changes  in  the  curvatures  of 
the  crystalline  lens,  was  advanced  by  Thomas  Young ;  •  but 
the  mechanism  of  these  changes,  supposed  by  Young  to  be 
due  to  the  action  of  the  lens  itself,  the  constituent  fibres  of 

1  Helmholtz,  OpHque  physiohgique,  Paris,  1867,  p.  12S. 
*  Young,  Observations  on  Vision,  Head  be/ore  the  Royal  Society,  London,  Maj 
SO,  1793 ;  and,  On  the  Mechanism  of  the  Eye,  London,  1801. 
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which  he  supposed,  with  Leeuwenhoek,  to  be  muscular,  was 
not  understood. 

The  changes  in  the  eye,  by  which  accommodation  is  ef- 
fected, are  now  known  to  consist  mainly  in  an  increased  con- 
vexity of  the  lens  for  near  objects ;  and  the  only  points  in 
dispute  are  a  few  unimportant  details  in  the  mechanism  of 
this  action.  The  simple  facts  to  be  borne  in  mind  in  study- 
ing this  question  are  the  following : 

When  the  eye  is  accommodated  to  vision  at  an  infinite 
distance,  the  parts  are  passive. 

Li  the  adjustment  of  the  eye  for  near  objects,  the  con- 
vexities of  the  lens  are  increased  by  muscular  action. 

In  accommodation  for  near  objects,  the  pupil  is  con- 
tracted ;  but  this  action  is  merely  accessory  and  is  not  essen- 
tial. 

The  ordinary  range  of  accommodation  varies  between  a 
distance  of  about  five  inches  and  infinity. 

Changes  in  the  Crystalline  Lens  in  Accommodation. — It 
is  important  to  determine  first  the  extent  and  nature  of  the 
changes  of  the  lens  in  accommodation ;  and,  by  the  ingenious 
experiments  of  the  German  physiologists,  particularly  those 
of  Helmholtz,  these  changes  have  been  accurately  measured 
in  the  living  subject.  As  the  general  result  of  these  meas- 
urements, it  was  ascertained  that  the  lens  becomes  increased 
in  thickness  in  accommodation  for  near  objects,  chiefly  by  an 
increase  in  its  anterior  curvature,  by  which  this  surface  of  the 
lens  is  made  to  project  toward  the  cornea.  As  the  iris  is  in 
contact,  with  the  anterior  surface  of  the  lens,  this  membrane 
is  made  to  project  in  the  act  of  accommodation.  The  poste- 
rior curvature  of  the  lens  is  also  increased,  but  this  is  slight  as 
compared  with  the  increase  of  the  curvature  of  its  anterior 
surface.  The  distance  between  the  posterior  surface  of  the 
lens  and  the  cornea  is  not  sensibly  altered.  It  is  unnecessary 
to  describe  minutely  the  methods  employed  in  making  these 
calculations,  and  it  is  sufficient  for  our  purposes  to  state  that 
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it  is  done  by  accurately  measuring  the  comparative  size  of 
images  formed  by  reflection  from  the  anterior  surface  of  the 
lens.  The  results  obtained  by  Helmholtz  in  observations 
upon  three  different  persons  are  as  follows : ' 


Eye. 

Badiua  of  Curvature  of  the  Anterior  Sur- 
nv»  of  the  Lena. 

Displacement  of  the  Pupil  In  Accommo- 
dation for  Near  Objects. 

Distant  Vision. 

Near  Vision. 

0.  H. 
B.  P. 
J.  H. 

0*4641  of  an  inch. 
0-8482         u 
0-4056         " 

0*8854  of  an  inch. 
0-2701         " 

00140  of  an  inch. 
0-0172         " 

The  mechanism  of  the  changes  in  the  thickness  and  in  the 
curvatures  of  the  lens  in  accommodation  can  only  be  under- 
stood by  keeping  clearly  in  mind  the  physical  properties  of 
the  lens  itself  and  its  anatomical  relations.  In  situ,  in  what 
has  been  called  the  indolent  state  of  the  eye,  the  lens  is  ad- 
justed to  vision  at  an  infinite  distance,  and  is  flattened  by 
the  tension  of  its  suspensory  ligament.  After  death,  indeed, 
it  is  easy  to  produce  changes  in  its  form  by  applying  trac- 
tion to  the  zone  of  Zinn.*  If  we  remember,  now,  the  ex- 
act relations  of  the  suspensory  ligament,  the  ciliary  muscle, 
and  the  lens,  and  keep  in  mind  the  tension  within  the  globe, 
it  is  evident  that  when  the  ciliary  muscle  is  in  repose,  the 
capsule  will  compress  the  lens,  increasing  its  diameter  and 
diminishing  its  convexity.  It  is  in  this  condition  that  the 
eye  is  adapted  to  vision  at  an  infinite  distance.  It  is  evident, 
also,  that  very  slight  changes  in  the  convexity  of  the  lens 
will  be  sufficient  for  the  range  of  accommodation  required. 
If  we  fix  with  the  eye  any  near  object,  we  are  conscious  of 
an  effort,  and  the  prolonged  vision  of  near  objects  produces  a 
sense  of  fatigue.  This  may  be  illustrated  by  the  very  fa- 
miliar experiment  of  looking  at  a  distant  object  through  a 
gauze.  When  the  object  is  seen  distinctly,  the  gauze  is 
scarcely  perceived ;  but  by  an  effort  we  can  bring  the  eye  to 

1  Helmholtz,  Optique  physiologique^  Paris,  1867,  p.  157. 
1  Helmholtz,  op.  cit.,  p.  151. 


ACCOMMODATION.  109 

ing  perfect,  and  mentions  another  case,  reported  by  Yon 
Graef e,  in  which  accommodation  was  not  disturbed  after  loss 
of  the  entire  iris.1 

We  have  already  noted  the  tact  that  the  pupil  contracts 
when  the  eyes  are  made  to  converge  by  the  action  of  the 
muscles  animated  by  the  third  pair  of  nerves ;  *  and  it  is  evi- 
dent that  convergence  of  the  eyes  always  occurs  in  looking 
at  very  near  objects.  It  becomes  a  question,  then,  whether 
the  contraction  of  the  pupil  in  accommodation  for  near  ob- 
jects be  associated  with  the  action  of  the  third  nerves,  or 
with  filaments  from  the  ophthalmic  ganglion,  which  supplies 
the  nervous  influence  to  the  ciliary  muscle.  This  seems  to 
have  been  definitively  settled  by  Donders,  who  demonstrated 
two  important  points :  First,  that  increased  convergence  of 
the  visual  lines  without  change  of  accommodation  makes  the 
pupil  contract,  as  is  easily  proven  by  simple  experiments  with 
prismatic  glasses.  Second,  that  when  accommodation  is  ef- 
fected without  converging  the  visual  axes>  "each  stronger 
tension  is  combined  with  contraction  of  the  pupil."  • 

The  action  of  the  iris,  as  is  evident  from  the  facts  just 
stated,  is,  to  a  certain  extent,  under  the  control  of  the  will ; 
but  it  cannot  be  disassociated,  first,  from  the  voluntary  action 
of  the  muscles  which  converge  the  visual  axes,  and  second, 
from  the  action  of  the  ciliary  muscle.  Donders  states  that, 
by  alternating  the  accommodation  for  a  remote  and  a  near 
object,  he  could  voluntarily  contract  and  dilate  the  pupil  more 
than  thirty  times  in  the  minute.4  Brown-S6quard,  in  dis- 
cussing the  voluntary  movements  of  the  iris,  mentions  a  case 
in  which  "  the  pupil  could  be  contracted  or  dilated  without 
changing  the  position  of  the  eye  or  making  an  effort  of  adap- 
tation for  a  long  or  a  short  distance/ 

1  Helmholtz,  op.  cit.y  p.  151.  9  See  vol.  iv.,  Nervous  System,  p.  184. 

8  Doxdkhs,  Anomaliee  of  Accommodation  and  Refraction,  of  the  Eye.  The 
New  Sydenham  Society,  London,  1864,  p.  574.  <  Loc.  cil. 

'  Brown-Sequard,  Recherche*  ezpSrimerUaUs  sur  Vinfluence  exciiairice  de  la 
'ami*?-*,  du  froid  et  de  la  chaleur  $ur  VirU.— Journal  de  la  physiologic  Paris, 
'59,  tome  il,  p.  287,  note. 
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see  the  meshes  of  the  gauze  distinctly,  when  the  impression 
of  the  distant  object  is  either  lost  or  becomes  very  indistinct. 

Our  knowledge  of  the  action  of  the  ciliary  muscle  is  only 
to  be  arrived  at  theoretically  and  by  studying  the  effects  pro- 
duced upon  the  lens.  This  muscle,  it  will  be  remembered, 
arises  from  the  circular  line  of  junction  of  the  cornea  and 
sclerotic,  which  is  undoubtedly  its  fixed  point,  passes  back- 
ward, and  is  lost  in  the  tissue  of  the  choroid,  extending  as 
far  back  as  the  anterior  border  of  the  retina.  Most  of  the 
fibres  pass  directly  backward,  but  some  become  circular  or 
spiral.  When  this  muscle  contracts,  the  choroid  is  drawn 
forward,  with,  probably,  a  slightly  spiral  motion  of  the  lens, 
the  contents  of  the  globe  situated  posterior  to  the  lens  are 
compressed,  and  the  suspensory  ligament  is  relaxed.  The 
lens  itself,  the  compressing  and  flattening  action  of  the  sus- 
pensory ligament  being  diminished,  becomes  thicker  and  more 
convex,  by  virtue  of  its  own  elasticity,  in  the  same  way  that 
it  becomes  thicker  after  death,  when  the  tension  of  the  liga- 
ment is  artificially  diminished. 

This  is,  in  brief,  the  mechanism  of  accommodation.  Near 
objects  are  seen  distinctly  by  a  voluntary  contraction  of  the 
ciliary  muscle ;  the  action  of  which  is  adapted  to  the  require- 
ments of  vision  with  exquisite  nicety.  In  early  life,  the  lens 
is  soft  and  elastic,  and  the  accommodative  power  is  at  its 
maximum ;  but  in  old  age  the  lens  becomes  flattened,  harder, 
and  less  elastic,  and  the  power  of  accommodation  is  neces- 
Barily  diminiahed. 

Changes  in  the  Iris  m  Accommodation. — The  size  of  the 
pupil  is  sensibly  diminished  in  accommodation  of  the  eye  for 
near  objects.  Although  the  movements  of  the  iris  under 
these  conditions  are  directly  associated  with  the  muscular  ef- 
fort by  which  the  form  of  the  lens  is  modified,  the  contrac- 
tion of  the  pupil  is  not  one  of  the  essential  conditions  of  ac- 
commodation. Helmholtz  cites  a  case  in  which  the  iris  was 
completely.paralyzed,  the  power  of  accommodation  remain- 
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ing  perfect,  and  mentions  another  case,  reported  by  Yon 
Graef e,  in  which  accommodation  was  not  disturbed  after  loss 
of  the  entire  iris.1 

We  have  already  noted  the  {act  that  the  pupil  contracts 
when  the  eyes  are  made  to  converge  by  the  action  of  the 
muscles  animated  by  the  third  pair  of  nerves ;  *  and  it  is  evi- 
dent that  convergence  of  the  eyes  always  occurs  in  looking 
at  very  near  objects.  It  becomes  a  question,  then,  whether 
the  contraction  of  the  pupil  in  accommodation  for  near  ob- 
jects be  associated  with  the  action  of  the  third  nerves,  or 
with  filaments  from  the  ophthalmic  ganglion,  which  supplies 
the  nervous  influence  to  the  ciliary  muscle.  This  seems  to 
have  been  definitively  settled  by  Donders,  who  demonstrated 
two  important  points :  First,  that  increased  convergence  of 
the  visual  lines  without  change  of  accommodation  makes  the 
pupil  contract,  as  is  easily  proven  by  simple  experiments  with 
prismatic  glasses.  Second,  that  when  accommodation  is  ef- 
fected without  converging  the  visual  axes,  "each  stronger 
tension  is  combined  with  contraction  of  the  pupil."  * 

The  action  of  the  iris,  as  is  evident  from  the  facts  just 
stated,  is,  to  a  certain  extent,  under  the  control  of  the  will ; 
but  it  cannot  be  disassociated,  first,  from  the  voluntary  action 
of  the  muscles  which  converge  the  visual  axes,  and  second, 
from  the  action  of  the  ciliary  muscle.  Donders  states  that, 
by  alternating  the  accommodation  for  a  remote  and  a  near 
object,  he  could  voluntarily  contract  and  dilate  the  pupil  more 
than  thirty  times  in  the  minute.4  Brown-S6quard,  in  dis- 
cussing the  voluntary  movements  of  the  iris,  mentions  a  case 
in  which  "  the  pupil  could  be  contracted  or  dilated  without 
changing  the  position  of  the  eye  or  making  an  effort  of  adap- 
tation for  a  long  or  a  short  distance/ 

1  Helmholtz,  op.  cit,  p.  151.  *  See  vol.  iv.,  Nervous  System,  p.  184. 

*  Donders,  Anomalies  of  Accommodation  and  Refraction  of  the  Eye,  The 
New  Sydenham  Society,  London,  1864,  p.  574.  <  hoc.  cit. 

•  Brown-Sequard,  Recherche*  exp&rimentales  sur  V  influence  exeitatrice  de  la 
lumiere,  du  froid  et  de  la  chaleur  sur  Viris. — Journal  de  la  physiologic^  Paris, 
1859,  tome  il,  p.  287,  note. 
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see  the  meshes  of  the  gauze  distinctly,  when  the  impression 
of  the  distant  object  is  either  lost  or  becomes  very  indistinct. 

Our  knowledge  of  the  action  of  the  ciliary  muscle  is  only 
to  be  arrived  at  theoretically  and  by  studying  the  effects  pro- 
duced upon  the  lens.  This  muscle,  it  will  be  remembered, 
arises  from  the  circular  line  of  junction  of  the  cornea  and 
sclerotic,  which  is  undoubtedly  its  fixed  point,  passes  back- 
ward, and  is  lost  in  the  tissue  of  the  choroid,  extending  as 
far  back  as  the  anterior  border  of  the  retina.  Most  of  the 
fibres  pass  directly  backward,  but  some  become  circular  or 
spiral.  When  this  muscle  contracts,  the  choroid  is  drawn 
forward,  with,  probably,  a  slightly  spiral  motion  of  the  lens, 
the  contents  of  the  globe  situated  posterior  to  the  lens  are 
compressed,  and  the  suspensory  ligament  is  relaxed.  The 
lens  itself,  the  compressing  and  flattening  action  of  the  sus- 
pensory ligament  being  diminished,  becomes  thicker  and  more 
convex,  by  virtue  of  its  own  elasticity,  in  the  same  way  that 
it  becomes  thicker  after  death,  when  the  tension  of  the  liga- 
ment is  artificially  diminished. 

This  is,  in  brief,  the  mechanism  of  accommodation.  Near 
objects  are  seen  distinctly  by  a  voluntary  contraction  of  the 
ciliary  muscle ;  the  action  of  which  is  adapted  to  the  require- 
ments of  vision  with  exquisite  nicety.  In  early  life,  the  lens 
is  soft  and  elastic,  and  the  accommodative  power  is  at  its 
maximum ;  but  in  old  age  the  lens  becomes  flattened,  harder, 
and  less  elastic,  and  the  power  of  accommodation  is  neces- 
sarily diminished. 

Changes  in  the  Iris  in  Accommodation. — The  size  of  the 
pupil  is  sensibly  diminished  in  accommodation  of  the  eye  for 
near  objects.  Although  the  movements  of  the  iris  under 
these  conditions  are  directly  associated  with  the  muscular  ef- 
fort by  which  the  form  of  the  lens  is  modified,  the  contrac- 
tion of  the  pupil  is  not  one  of  the  essential  conditions  of  ac- 
commodation. Helmholtz  cites  a  case  in  which  the  iris  was 
completely  .paralyzed,  the  power  of  accommodation  remain- 
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ing  perfect,  and  mentions  another  case,  reported  by  Yon 
Graef e,  in  which  accommodation  was  not  disturbed  after  loss 
of  the  entire  iris.1 

We  have  already  noted  the  tact  that  the  pupil  contracts 
when  the  eyes  are  made  to  converge  by  the  action  of  the 
muscles  animated  by  the  third  pair  of  nerves ; f  and  it  is  evi- 
dent that  convergence  of  the  eyes  always  occurs  in  looking 
at  very  near  objects.  It  becomes  a  question,  then,  whether 
the  contraction  of  the  pupil  in  accommodation  for  near  ob- 
jects be  associated  with  the  action  of  the  third  nerves,  or 
with  filaments  from  the  ophthalmic  ganglion,  which  supplies 
the  nervous  influence  to  the  ciliary  muscle.  This  seems  to 
have  been  definitively  settled  by  Donders,  who  demonstrated 
two  important  points :  First,  that  increased  convergence  of 
the  visual  lines  without  change  of  accommodation  makes  the 
pupil  contract,  as  is  easily  proven  by  simple  experiments  with 
prismatic  glasses.  Second,  that  when  accommodation  is  ef- 
fected without  converging  the  visual  axes,  "each  stronger 
tension  is  combined  with  contraction  of  the  pupil."  * 

The  action  of  the  iris,  as  is  evident  from  the  facts  just 
stated,  is,  to  a  certain  extent,  under  the  control  of  the  will ; 
but  it  cannot  be  disassociated,  first,  from  the  voluntary  action 
of  the  muscles  which  converge  the  visual  axes,  and  second, 
from  the  action  of  the  ciliary  muscle.  Donders  states  that, 
by  alternating  the  accommodation  for  a  remote  and  a  near 
object,  he  could  voluntarily  contract  and  dilate  the  pupil  more 
than  thirty  times  in  the  minute.4  Brown-S6quard,  in  dis- 
cussing the  voluntary  movements  of  the  iris,  mentions  a  case 
in  which  "the  pupil  could  be  contracted  or  dilated  without 
changing  the  position  of  the  eye  or  making  an  effort  of  adap- 
tation for  a  long  or  a  short  distance/ 

1  Helmholtz,  op.  ct7.,  p.  151.  'See  vol.  iv.,  Nervous  System,  p.  134. 

*  Donders,  Anomalies  of  Accommodation  and  Refraction  of  the  Eye.  The 
New  Sydenham  Society,  London,  1864,  p.  574.  4  Lot.  cii. 

1  Bbown-Sbquard,  Recherche*  experimental**  sur  V influence  excUatrice  de  la 
lumiere,  du  froid  et  de  la  chaleur  sur  VirU. — Journal  de  la  phyeiologie,  Paris, 
1859,  tome  it,  p.  287,  note. 
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see  the  meshes  of  the  gauze  distinctly,  when  the  impression 
of  the  distant  object  is  either  lost  or  becomes  very  indistinct 

Our  knowledge  of  the  action  of  the  ciliary  muscle  is  only 
to  be  arrived  at  theoretically  and  by  studying  the  effects  pro- 
duced upon  the  lens.  This  muscle,  it  will  be  remembered, 
arises  from  the  circular  line  of  junction  of  the  cornea  and 
sclerotic,  which  is  undoubtedly  its  fixed  point,  passes  back- 
ward, and  is  lost  in  the  tissue  of  the  choroid,  extending  as 
far  back  as  the  anterior  border  of  the  retina.  Most  of  the 
fibres  pass  directly  backward,  but  some  become  circular  or 
spiral.  When  this  muscle  contracts,  the  choroid  is  drawn 
forward,  with,  probably,  a  slightly  spiral  motion  of  the  lens, 
the  contents  of  the  globe  situated  posterior  to  the  lens  are 
compressed,  and  the  suspensory  ligament  is  relaxed.  The 
lens  itself,  the  compressing  and  flattening  action  of  the  sus- 
pensory ligament  being  diminished,  becomes  thicker  and  more 
convex,  by  virtue  of  its  own  elasticity,  in  the  same  way  that 
it  becomes  thicker  after  death,  when  the  tension  of  the  liga- 
ment is  artificially  diminished. 

This  is,  in  brief,  the  mechanism  of  accommodation.  Near 
objects  are  6een  distinctly  by  a  voluntary  contraction  of  the 
ciliary  muscle ;  the  action  of  which  is  adapted  to  the  require- 
ments of  vision  with  exquisite  nicety.  In  early  life,  the  lens 
is  soft  and  elastic,  and  the  accommodative  power  is  at  its 
maximum ;  but  in  old  age  the  lens  becomes  flattened,  harder, 
and  less  elastic,  and  the  power  of  accommodation  is  neces- 
sarily diminished. 

Changes  in  the  Iris  in  Accommodation. — The  size  of  the 
pupil  is  sensibly  diminished  in  accommodation  of  the  eye  for 
near  objects.  Although  the  movements  of  the  iris  under 
these  conditions  are  directly  associated  with  the  muscular  ef- 
fort by  which  the  form  of  the  lens  is  modified,  the  contrac- 
tion of  the  pupil  is  not  one  of  the  essential  conditions  of  ac- 
commodation. Helmholtz  cites  a  case  in  which  the  iris  was 
completely.paralyzed,  the  power  of  accommodation  remain- 
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nig  perfect,  and  mentions  another  case,  reported  by  Yon 
Graef e,  in  which  accommodation  was  not  disturbed  after  loss 
of  the  entire  iris.1 

We  have  already  noted  the  tact  that  the  pupil  contracts 
when  the  eyes  are  made  to  converge  by  the  action  of  the 
muscles  animated  by  the  third  pair  of  nerves ; f  and  it  is  evi- 
dent that  convergence  of  the  eyes  always  occurs  in  looking 
at  very  near  objects.  It  becomes  a  question,  then,  whether 
the  contraction  of  the  pupil  in  accommodation  for  near  ob- 
jects be  associated  with  the  action  of  the  third  nerves,  or 
with  filaments  from  the  ophthalmic  ganglion,  which  supplies 
the  nervous  influence  to  the  ciliary  muscle.  This  seems  to 
have  been  definitively  settled  by  Donders,  who  demonstrated 
two  important  points :  First,  that  increased  convergence  of 
the  visual  lines  without  change  of  accommodation  makes  the 
pupil  contract,  as  is  easily  proven  by  simple  experiments  with 
prismatic  glasses.  Second,  that  when  accommodation  is  ef- 
fected without  converging  the  visual  axes,  "each  stronger 
tension  is  combined  with  contraction  of  the  pupil."  * 

The  action  of  the  iris,  as  is  evident  from  the  facts  just 
stated,  is,  to  a  certain  extent,  under  the  control  of  the  will ; 
but  it  cannot  be  disassociated,  first,  from  the  voluntary  action 
of  the  muscles  which  converge  the  visual  axes,  and  second, 
from  the  action  of  the  ciliary  muscle.  Donders  states  that, 
by  alternating  the  accommodation  for  a  remote  and  a  near 
object,  he  could  voluntarily  contract  and  dilate  the  pupil  more 
than  thirty  times  in  the  minute.4  Brown-S6quard,  in  dis- 
cussing the  voluntary  movements  of  the  iris,  mentions  a  case 
in  which  "the  pupil  could  be  contracted  or  dilated  without 
changing  the  position  of  the  eye  or  making  an  effort  of  adap- 
tation for  a  long  or  a  short  distance.5 

1  Helmholtz,  op.  «7.,  p.  151.  *  See  vol.  iv.,  Nervous  System,  p.  134. 

*  Bonders,  Anomalies  of  Accommodation  and  Refraction  of  the  Eye.  The 
New  Sydenham  Society,  London,  1864,  p.  574.  4  Loc.  cit. 

*  Brown-Sbquard,  Recherche*  expMinentalee  sur  Vinfluence  exeUatrice  de  la 
lumiere,  du  froid  et  de  la  chaleur  sur  Vine. — Journal  de  la  phyeiologie,  Paris, 
1859,  tome  il,  p.  287,  note. 
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gee  the  meshes  of  the  gauze  distinctly,  when  the  impression 
of  the  distant  object  is  either  lost  or  becomes  very  indistinct. 

Our  knowledge  of  the  action  of  the  ciliary  muscle  is  only 
to  be  arrived  at  theoretically  and  by  studying  the  effects  pro- 
duced upon  the  lens.  This  muscle,  it  will  be  remembered, 
arises  from  the  circular  line  of  junction  of  the  cornea  and 
sclerotic,  which  is  undoubtedly  its  fixed  point,  passes  back- 
~H,  .4  is  M  in  ft.  *JL  of  ft.  •SXSSn  . 
far  back  as  the  anterior  border  of  the  retina.  Most  of  the 
fibres  pass  directly  backward,  but  some  become  circular  or 
spiral.  When  this  muscle  contracts,  the  choroid  is  drawn 
forward,  with,  probably,  a  slightly  spiral  motion  of  the  lens, 
the  contents  of  the  globe  situated  posterior  to  the  lens  are 
compressed,  and  the  suspensory  ligament  is  relaxed.  The 
lens  itself,  the  compressing  and  flattening  action  of  the  sus- 
pensory ligament  being  diminished,  becomes  thicker  and  more 
convex,  by  virtue  of  its  own  elasticity,  in  the  same  way  that 
it  becomes  thicker  after  death,  when  the  tension  of  the  liga- 
ment is  artificially  diminished. 

This  is,  in  brief,  the  mechanism  of  accommodation.  Near 
objects  are  seen  distinctly  by  a  voluntary  contraction  of  the 
ciliary  muscle ;  the  action  of  which  is  adapted  to  the  require- 
ments of  vision  with  exquisite  nicety.  In  early  life,  the  lens 
is  soft  and  elastic,  and  the  accommodative  power  is  at  its 
maximum ;  but  in  old  age  the  lens  becomes  flattened,  harder, 
and  less  elastic,  and  the  power  of  accommodation  is  neces- 
sarily diminished. 

Changes  in  the  Iris  in  Accommodation. — The  size  of  the 
pupil  is  sensibly  diminished  in  accommodation  of  the  eye  for 
near  objects.  Although  the  movements  of  the  iris  under 
these  conditions  are  directly  associated  with  the  muscular  ef- 
fort by  which  the  form  of  the  lens  is  modified,  the  contrac- 
tion of  the  pupil  is  not  one  of  the  essential  conditions  of  ac- 
commodation. Helmholtz  cites  a  case  in  which  the  iris  was 
completely.paralyzed,  the  power  of  accommodation  remain- 
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mg  perfect,  and  mentions  another  case,  reported  by  Yon 
Graef e,  in  which  accommodation  was  not  disturbed  after  loss 
of  the  entire  iris.1 

We  have  already  noted  the  tact  that  the  pupil  contracts 
when  the  eyes  are  made  to  converge  by  the  action  of  the 
muscles  animated  by  the  third  pair  of  nerves ; f  and  it  is  evi- 
dent that  convergence  of  the  eyes  always  occurs  in  looking 
at  very  near  objects.  It  becomes  a  question,  then,  whether 
the  contraction  of  the  pupil  in  accommodation  for  near  ob- 
jects be  associated  with  the  action  of  the  third  nerves,  or 
with  filaments  from  the  ophthalmic  ganglion,  which  supplies 
the  nervous  influence  to  the  ciliary  muscle.  This  seems  to 
have  been  definitively  settled  by  Donders,  who  demonstrated 
two  important  points :  First,  that  increased  convergence  of 
the  visual  lines  without  change  of  accommodation  makes  the 
pupil  contract,  as  is  easily  proven  by  simple  experiments  with 
prismatic  glasses.  Second,  that  when  accommodation  is  ef- 
fected without  converging  the  visual  axes,  "each  stronger 
tension  is  combined  with  contraction  of  the  pupil." ' 

The  action  of  the  iris,  as  is  evident  from  the  facts  just 
stated,  is,  to  a  certain  extent,  under  the  control  of  the  will ; 
but  it  cannot  be  disassociated,  first,  from  the  voluntary  action 
of  the  muscles  which  converge  the  visual  axes,  and  second, 
from  the  action  of  the  ciliary  muscle.  Donders  states  that, 
by  alternating  the  accommodation  for  a  remote  and  a  near 
object,  he  could  voluntarily  contract  and  dilate  the  pupil  more 
than  thirty  times  in  the  minute.*  Brown-S6quard,  in  dis- 
cussing the  voluntary  movements  of  the  iris,  mentions  a  case 
in  which  "  the  pupil  could  be  contracted  or  dilated  without 
changing  the  position  of  the  eye  or  making  an  effort  of  adap- 
tation for  a  long  or  a  short  distance.5 

1  Helmholtz,  op.  rit.y  p.  151.  *  See  vol.  iv.,  Herroos  System,  p.  184. 

*  Donders,  Anomalies  of  Accommodation  and  Refraction  of  the  Eye.  The 
New  Sydenham  Society,  London,  1864,  p.  574.  4  Loc  cii. 

*  Brown-Sbquard,  Recherche*  experimental**  sur  Vinfluence  excitatrice  de  la 
Ivmiere,  du  froid  ct  de  la  chaleur  sur  Virti. — Journal  de  la  physiologie,  Paris, 
1859,  tome  il,  p.  287,  note. 
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As  a  farther  evidence  of  the  connection  of  accommodation 
with  muscular  action,  cases  are  cited  in  works  on  ophthalmol- 
ogy in  which  there  is  paralysis  of  the  ciliary  muscle  as  well 
as  cases  in  which  the  act  of  accommodation  is  painful. 

An  interesting  phenomenon  connected  with  accommoda- 
tion is  observed  in  looking  at  a  near  object  through  a  very 
small  orifice,  like  a  pin-hole.  The  shortest  distance  at  which 
we  can  see  a  small  object  distinctly  is  about  five  inches; 
but,  if  we  look  at  the  same  object  through  a  pin-hole  in  a 
card,  it  can  be  seen  distinctly  at  the  distance  of  about  one 
inch,  and  appears  considerably  magnified.  In  this  experi- 
ment, the  card  serves  as  a  diaphragm  with  a  very  small  open- 
ing, so  that  the  centre  of  the  lens  only  is  used ;  and  the  ap- 
parent increase  in  the  size  of  the  object  is  probably  due  to 
the  fact  that  its  distance  from  the  eye  is  many  times  less 
than  the  distance  at  which  distinct  vision  is  possible  under 
ordinary  conditions.  It  is  well  known  that  myopic  persons, 
by  being  able  to  bring  the  eye  nearer  to  objects  than  is  possi- 
ble in  ordinary  vision,  can  see  minute  details  with  extraordi- 
nary distinctness. 

Accommodation  in  the  Lensless  Eye. — "Within  a  few  years, 
some  very  important  and  interesting  pathological  observations 
have  been  published  in  Germany  upon  accommodation  without 
the  lens ;  but  one  of  the  best-observed  cases  of  this  kind  has 
been  described  by  Dr.  Edward  G.  Loring,  Jr.,  of  New  York, 
who  observed  very  accurately  an  instance  of  remarkable 
power  of  visual  accommodation,  in  a  person  in  whom  both 
lenses  had  been  removed  for  cataract.  This  case  was  re- 
ported to  ophthalmological  societies  in  1869  and  1870.  The 
observation  is  so  interesting,  and  illustrates  so  beautifully  the 
possible  compensating  action  in  the  absence  of  the  lens,  that 
we  give  in  full  the  following  report,  furnished  by  Dr.  Loring, 
which  has  never  before  been  published : 

"  In  the  spring  of  1869,  Miss  E.  "W.,  eighteen  years  of 
age,  consulted  me  for  the  purpose  of  procuring  suitable 
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glasses.  Five  years  before,  when  she  was  between  twelve 
and  thirteen  years  old,  both  eyes  had  been  operated  upon  for 
cataract  by  the  method  of  discission.  After  the  absorption 
of  the  lenses  had  been  completed,  she  was  furnished  with 
two  pairs  of  glasses,  one  for  the  distance  and  the  other  for 
near  work.  Immediately  after  this,  she  went  to  California, 
and,  shortly  after  going  on  board  ship,  she  lost  the  glasses  in- 
tended for  near  work,  and  had  to  rely  entirely  on  her  glasses 
for  the  distance.  This  pair  had  now  become  very  much 
worn,  and  she  simply  wished  to  have  them  accurately  meas- 
ured, and  a  new  pair  made  precisely  like  them.  I  found 
them  to  be  convex,  three  and  a  half  inch  focus ;  and,  with 
these  glasses,  vision  was  a  little  better  than  two-thirds  of  the 
normal  standard. 

"  To  my  surprise,  the  patient  then  picked  up  a  newspa- 
per, and,  pushing  this  back  and  forth,  as  persons  ordinarily 
do  who  are  trying  glasses,  remarked  that  she  could  see  per- 
fectly well,  quite  as  well,  in  fact,  as  with  the  old  pair.  This 
drew  my  attention  more  particularly  to  the  case,  and  the  re- 
sult of  a  more  critical  examination  was  as  follows : 

"With  -f  gjp  the  patient  read  with  either  eye  fluently 
Snellen,  XXX.,  and  was  able,  with  both  eyes,  to  pick  out 
most  of  the  letters  of  XX.  at  twenty  feet.  She  could  read 
No.  X.  at  ten  feet,  and  No.  Y.  at  five  feet. 

"  With  the  same  glass,  and  with  no  change  of  position  on 
the  nose,  she  read  No.  LJ  Snellen  fluently,  holding  the  book 
naturally  at  twelve  inches,  which  was  about  the  distance  at 
which  she  i  usually  read.'  The  book  was  then  gradually 
withdrawn,  the  patient  reading  aloud  while  this  was  done. 
It  was  found  that  twenty-one  and  a  half  inches  was  the  great- 
est distance  at  which  No.  I.J  Snellen  could  be  read.  She 
read  No.  I.  Jaeger  at  twenty  inches.  The  book  was  then  ad- 
vanced inch  by  inch,  the  patient  reading  aloud,  till  the  book 
was  within  five  inches  of  the  eye.  Inside  of  this,  reading  be- 
came impossible.  These  experiments  were  tried  over  and 
over  again  by  myself,  and  were  finally  repeated  in  the  pres- 

188 


112  8PECIAL  SENSES. 

erice  of  a  brother  oculist.  This  would  give  the  patient  an 
adaptability  of  the  eye  for  different  distances  from  twenty 
feet  (or  parallel  rays)  to  five  inches ;  or,  in  other  words,  an 
accommodation  of  -J-  (A  =  ■$),  and  a  relative  accommodation 
for  the  very  finest  print  from  twenty  inches  to  five  (A  =  ^). 
My  own  range,  measured  at  the  same  time,  was  from  twenty 
to  five  inches  (vision  being,  in  my  left  eye,  exceptionally 
krge,^). 

"A  careful  examination  of  the  pupils  showed  that  they 
were  of  the  normal  size,  as  were  the  movements  of  the  iris 
in  every  respect.  "With  the  ophthalmoscope,  the  pupillary 
space  was  found  in  the  right  eye  to  be  entirely  free  from  any 
remains  of  capsule,  while,  in  the  left,  a  narrow  rim  of  the 
whitened  membrane  just  encroached  on  the  upper  pupillary 
margin,  but  not  to  such  a  degree  as  to  limit  the  size  of  the 
pupil,  and  thus  to  act  as  a  diaphragm.  The  media  of  the  eye 
were  perfectly  clear,  and  the  ophthalmoscopic  appearances 
were  normal  in  every  respect. 

"  The  patient  promised  to  return,  for  the  purpose  of  hav- 
ing the  reflections  of  the  cornea  measured  by  the  optometer, 
and  the  fact  determined  by  the  ophthalmoscope,  whether, 
under  accommodative  efforts,  the  eyeball  became  elongated. 
This  she  failed  to  do,  and  the  case,  as  stated  above,  was 
shortly  after  reported  to  the  New  York  Ophthalmological 
Society,  April  12,  1869,  and,  in  July,  1870,  to  the  American 
Ophthalmological  Society.  In  the  index  of  the  transactions 
of  the  American  Ophthalmological  Society  for  that  year,  it 
appears  as  a  case  of  '  Apparent  Accommodation  in  a  Lens- 
less  Eye.'  The  paper,  however,  does  not  appear  in  the  text, 
having  been  withdrawn  at  the  last  moment,  as  there  were 
hopes  that  another  examination  could  be  obtained,  and  the 
cause  of  the  accommodation  of  the  eye  be  definitely  settled. 

"  Two  years  later,  Prof.  Forster  published  a  series  of 
similar  cases l  under  the  title  of  "  Accommodative  Power  in 

1  F5RSTKR,  Accommodations  -Vermogen  bei  Aphakie. — Klinische  MonatiblcUhr 
/Br  Augenheilkunde,  Erlangen,  1872,  Bd.  x.,  S.  89. 
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Aphakia."  The  present  case,  however,  differs  from  those  re- 
ported by  Forster,  in  the  fact  that  the  range  of  accommoda- 
tion was  ^8,  larger  than  the  maximum  of  any  of  his  cases, 
and,  from  the  very  important  fact  that,  whenever,  in  any  of 
his  cases,  vision,  both  for  the  far  and  near,  was  taken,  differ- 
ent glasses  were  used.  In  this  case,  the  same  glasses  were 
used,  worn  in  the  same  position,  for  all  distances,  from  in- 
finity up  to  five  inches  from  the  eye.  So,  too,  in  WoinowV 
series  of  cases,  the  range  of  accommodation  was  taken  only 
for  the  near,  and  amounted,  on  the  average,  to  -fo. 

"  The  only  case  which  I  know  of  that  bears  a  close  resem- 
blance to  the  one  above  stated  was  reported  by  Arlt."  In 
this  case,  a  young  man,  with  convex  ^ ,  could  read  both  at 
six  and  at  twenty-four  inches,  and  could  recognize  the  hands 
of  a  steeple-clock,  at  a  distance  of  more  than  five  hundred 
paces,  with  the  same  glass;  but,  as  neither  the  size  of  the 
print  nor  that  of  the  clock  is  given,  no  accurate  conclusion? 
can  be  drawn  from  the  case. 

"  The  case  observed  by  me  would  then  appear  to  be  the 
first — as  it  is  certainly  the  most  remarkable — subjected  to  the 
recognized  standard  test  of  vision.  Here  the  amount  of  ac- 
commodation was  equal  to  that  of  a  normal  eye  in  a  young 
person ;  and  it  would  seem  impossible  that  the  ability  to  read 
the  finest  print  at  five  inches,  even  taking  into  consideration 
the  magnifying  power  of  the  glass,  could  be  due  to  the  over- 
coming of  the  circles  of  dispersion,  as  is  claimed  by  the  great 
majority  of  physiologists. 

"Forster's  views  and  the  correctness  of  his  tests  have 
been  objected  to  latterly  by  the  following  writers,  cited  by 
Woinow ;  viz.,  Donders,  Mannhardt,  Coert,  and  Abadie.* 

"  "Woinow,  on  the  other  hand,  while  he  thinks  that,  in  the 
normal  eye,  accommodation  is  performed  solely  by  the  lens, 

1  Woitfow,  Das  Accommodations -Vermogen  bet  Aphakia. — Archiv  fur  OpK- 
thalmolooiti  Berlin,  1873,  Bd.  xix.,  S.  107,  et  %eq. 

1  Arlt,  Die  Krankheilcn  des  Auge*,  Prog,  1858,  Bd.  il.,  S.  848. 

*  Woinow,  op.  cit.—Archiv  fur  AugenheUkunde,  Berlin,  1878,  Bd.  xix.,  8. 108. 
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believes  that  some  aphakial  eyes  acquire  accommodative 
power,  which  is  necessarily  brought  about  through  the  agency 
of  four  factors ;  namely,  the  cornea,  the  vitreous,  the  action 
of  the  ciliary  muscle  and  its  effect  on  the  bottom  of  the  eye, 
and,  finally,  the  effect  of  the  external  muscles  of  the  globe. 
"Woinow  eliminates,  from  this  group,  the  cornea,  while  Fore- 
ter  makes  it  the  chief,  if  not  the  sole  agent.  In  two  cases, 
Woinow  was  able  to  observe  the  reflections  from  the  ante- 
rior surface  of  the  vitreous  humor,  which,  in  the  absence  of 
the  lens,  was  convex,  as  was  shown  by  the  image  being  up- 
right.  These  reflections  were  too  weak  to  be  measured  by 
the  optometer ;  but  they  were  seen  to  become  smaller  when 
efforts  were  made  to  see  at  close  distances. 

"  It  is  to  be  regretted,  and  it  certainly  appears  a  little 
strange,  that,  in  neither  Forster's  nor  "Woinow's  cases,  was 
either  the  optometer  or  ophthalmoscope  used  in  the  elucida- 
tion of  this  problem.  But,  while  "Woinow's  cases  are,  as  he 
himself  says,  not  conclusive,  yet  they  seem,  like  Arlt's,  Fore- 
tells, and  the  one  just  related,  to  substantiate  the  view  that 
occasionally  a  considerable,  if  not  a  large  degree  of  accom- 
modation may  exist,  even  in  a  lensless  eye."  * 
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Erect  impressions  produced  by  images  inverted  upon  the  retina — Single  vision 
with  both  eyes — Corresponding  points — The  horopter — Appreciation  of  dis- 
tance and  the  form  of  objects— Mechanism  of  the  stereoscope — Binocular 
fusion  of  colon — Duration  of  luminous  impressions — Irradiation — Move- 
ments of  the  eyeball — Muscles  of  the  eyeball — Axes  of  rotation  of  the 
globe  for  the  different  sets  of  muscles — Action  of  the  recti  muscles — Action 
of  the  oblique  muscles — Associated  action  of  the  different  muscles  of  the 
eyeball — Parts  for  the  protection  of  the  eyeball — Eyelids — Muscles  which 
open  and  close  Jhe  eyelids — Conjunctival  mucous  membrane — Lachrymal 
apparatus — Composition  of  the  tears. 

In  beginning  our  study  of  the  optical  apparatus,  it  was 
stated  that  we  did  not  propose  to  treat  of  the  subject  ex- 
haustively, and  that  we  should  omit  the  consideration  of  cer- 
tain points,  interesting  in  themselves,  but  not  essential  to  a 
comprehension  of  the  physiology  of  vision.  "We  have  thus 
far  considered  pretty  fully  the  anatomy  of  the  eye,  a  clear 
idea  of  which  is  a  necessary  preparation  for  the  study  of  its 
physiology.  We  have  also  studied  the  action  of  the  eye  as 
an  optical  instrument,  with  the  mechanism  of  refraction,  the 
formation  of  images  on  the  retina,  the  movements  of  the 
iris,  and  the  mechanism  of  accommodation.  Ip  this  chapter, 
we  shall  treat  of  binocular  vision,  the  duration  of  luminous 
impressions,  irradiation,  the  movements  of  the  eyeball,  and 
the  parts  for  the  protection  of  the  eye.  It  does  not  seem 
desirable  to  consider  even  these  points  with  great  elaborate- 
ness. If  we  have  become  thoroughly  acquainted  with  the 
mechanism  of  the  formation  of  images  upon  the  retina  and 
the  physiological  action  of  the  different  parts  of  the  optical 
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apparatus,  it  will  be  sufficient  to  note  the  action  of  both  eyes, 
as  contrasted  with  the  action  of  one,  in  normal  vision,  with- 
out discussing  fully  the  multitude  of  curious  observations 
made  with  the  stereoscope ;  and  we  can  readily  comprehend 
the  action  of  muscles  by  which  the  axis  of  vision  is  directed 
toward  different  objects,  without  entering  into  a  discussion 
of  abstruse  mathematical  calculations  with  regard  to  the 
exact  centre  of  rotation,  the  law  of  torsions,  and  other  points 
connected  with  physiological  optics.  These  are  questions, 
however,  of  great  interest  to  ophthalmologists,  and  are  fully 
discussed  in  elaborate  special  treatises. 

"We  shall  allude  briefly,  in  this  connection,  to  a  question 
which  has  long  engaged  the  attention  of  physiologists,  and  one 
which,  we  cannot  but  think,  has  been  made  the  subject  of 
much  unprofitable  speculation.  It  is  a  matter  of  positive 
demonstration  that  the  images  of  objects  seen  are  inverted 
as  they  appear  upon  the  retina.  Why  is  it,  however,  that 
objects  are  appreciated  as  erect,  when  their  images  are  thus 
inverted  f  With  a  knowledge  of  the  fact  that  the  apprecia- 
tion of  impressions  made  upon  the  nerves  of  special  sense  is 
capable  of  education  and  is  corrected  by  experience,  it  seems 
hardly  necessary  to  enter  into  an  elaborate  discussion  of  this 
point.  We  appreciate  with  accuracy  the  density  of  objects, 
the  direction  of  sounds,  differences  in  musical  tones,  the 
taste  of  sapid  substances,  odors,  etc.,  as  the  result,  to  a  great 
degree,  of  education.  In  the  same  way,  probably,  we  ac- 
quire the  power  of  noting  the  position  of  objects  in  vision ; 
but  even  this  supposition  is  not  necessary  to  explain  the 
phenomenon  of  direct  vision  by  means  of  inverted  images. 
The  following  paragraph,  quoted  from  Giraud-Teulon,  is  a 
simple  expression  of  facts,  and  shows  the  absurdity  of  the 
elaborate  theoretical  explanations  made  by  many  of  the  ear- 
lier writers : 

"  If  the  objects  seen  mark  their  image  upon  the  retina, 
each  one  in  a  proper  secondary  axis ;  if,  on  the  other  hand, 
<the  retina  appreciates  these,  independently  of  our*eboe8}  in 
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these  same  secondary  axes,  which  all  cross  at  the  same  point, 
it  is  evident  that  an  exact  or  erect  sensation,  as  well  as  the 
object  which  produces  it,  should  necessarily  correspond  to  an 
inverted  or  reversed  image.  But  it  is  neither  habit,  educa- 
tion, nor  information  derived  from  the  sense  of  touch,  that 
enables  us,  as  it  is  said,  to  see  objects  erect  by  means  of  re- 
versed images.  The  retina  sees  or  localizes  objects  where 
they  are ;  that  is  what  we  call '  erect.'  If  the  picture  be  re- 
versed, it  is  a  mere  matter  of  geometry."  * 

In  discussing  the  same  question,  Helmholtz  says  that "  our 
natural  consciousness  is  completely  ignorant  even  of  the  ex- 
istence of  the  retina  and  of  the  formation  of  images :  how 
should  it  know  any  thing  of  the  position  of  images  formed 
uponit?"1 

Binocular  Vision. 

"We  have  thus  far  considered  the  mechanism  of  the  eye 
and  its  action  as  an  optical  instrument,  in  simple,  or  monocu- 
lar vision.  It  is  evident,  however,  that  we  habitually  use 
both  eyes,  and  that  their  axes  are  practically  parallel  in  look- 
ing at  distant  objects  and  are  converged  when  objects  are 
approached  to  the  nearest  point  at  which  we  have  distinct 
vision.  In  fact,  an  image  is  formed  simultaneously  upon  the 
retina  of  each  eye,  but  is  nevertheless  appreciated  as  a  unit. 
If  the  axis  of  one  eye  be  slightly  deviated  by  pressure  upon 
the  globe,  so  that  the  images  are  not  formed  upon  correspond- 
ing points  upon  the  retina  of  each  eye,  our  vision  is  more 
or  less  indistinct,  and  is  double.  In  strabismus,  when  this 
condition  is  recent,  temporary,  or  periodical,  as  in  recent 
cases  of  paralysis  of  the  external  rectus  muscle,  when  both 
eyes  are  normal,  there  is  double  vision.  When  the  strabismus 
is  permanent  and  has  existed  for  a  long  time,  double  vision 
may  not  be  observed,  unless  the  subject  direct  the  attention 
strongly  to  this  point.    As  it  is  usual,  in  such  cases,  for  one 

1  Giraud-Teulon,  La  visum  binoculaire. — Revue  de$  cour$  »cientifiquety  Paris, 
1867-1868,  tome  v.,  p.  228. 

*  Hxlkholtz,  Optiqiu  phystologiquty  Paris,  1867,  p.  771. 
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eye  to  be  much  superior  to  the  other  in  acuteness  of  vision, 
an  object  is  fixed  with  the  better  eye,  and  its  image  is  formed 
upon  the  fovea*  The  image  formed  upon  the  retina  of  the 
other  eye  is  indistinct,  and  in  many  instances  is  habitually 
disregarded ;  so  that,  practically,  the  subject  uses  but  one 
eye,  and  presents  the  errors  of  appreciation  which  attend 
monocular  vision,  such  as  a  want  of  accurate  estimation  of 
the  solidity  and  distance  of  objects.1  It  is  stated,  as  the  rule, 
that  when  strabismus  of  long  standing  is  remedied,  as  far  as 
the  axes  of  the  eyes  are  concerned,  by  an  operation,  binocular 
vision  is  not  restored ;  but  the  experiments  necessary  to  the 
accurate  determination  of  this  point  are  exceedingly  delicate 
and  must  be  made  with  great  care.1  This  is  explained  upon 
the  supposition  that  the  functional  power  of  the  retina  of  the 
affected  eye  has  been  gradually  and  irrecoverably  lost  from 
disuse.  In  normal  binocular  vision,  the  images  are  formed 
upon  the  fovea  centralis  of  each  eye ;  that  is,  upon  corre- 
sponding points,  which  are,  for  each  eye,  the  centres  of  dis- 
tinct vision. 

It  is  hardly  necessary  to  speculate  with  regard  to  the 
reason  why  two  images,  one  upon  each  retina,  convey  the  im- 
pression of  a  single  object.  We  appreciate  a  sound  with 
both  ears ;  the  impression  of  a  single  object  is  received  by 
the  sensory  nerves  of  two  or  more  fingers ;  the  olfactory 
nerves  upon  the  two  sides  are  simultaneously  concerned  in 
olfaction ;  and,  in  the  same  way,  when  we  look  at  a  single 
object  with  both  eyes,  the  brain  appreciates  a  single  image. 
We  shall  see,  however,  that  the  concurrence  of  both  eyes  is 
necessary  to  the  exact  appreciation  of  distance  and  form; 
and,  when  the  two  images  are  formed  upon  corresponding 

1  Prof.  H.  D.  Noyes  has  stated  to  me  verbally,  that,  in  some  cases  of  stra- 
bismus of  long  standing,  there  has  seemed  to  exist  binocular  vision,  which  is  to 
be  explained  only  upon  the  supposition  that  a  new  fovea  centralis,  as  it  were, 
has  been  formed  in  one  eye,  by  increasing  the  sensibility  of  the  retina  at  a  new 
point  through  constant  use. 

9  Stellwag  von  Gabion,  Treatise  on  the  Diseases  of  the  Eye,  New  York, 
1868,  pp.  705,  718.   . 
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points,  the  brain  receives  a  correct  impression  of  a  single 
object.  When  our  vision  is  perfectly  normal,  the  sensation 
of  the  situation  of  any  single  object  is  referred  to  one  and 
the  same  point,  and  we  cannot  receive  the  impression  of  a 
double  image,  unless  the  conditions  of  vision  be  abnormal. 

Corresponding  Points. — While  it  requires  no  argument, 
after  the  statements  we  have  just  made,  to  show  that  an 
image  must  be  formed  upon  the  fovea  of  each  eye  in  order 
to  produce  the  effect  of  a  single  object,  it  becomes  important 
to  ascertain  how  far  it  is  necessary  that  the  correspondence 
of  points  be  carried  out  in  the  retina.  This  leads  to  consid- 
erations of  very  great  interest  and  importance.  It  is  almost 
certain  that,  for  absolutely  perfect,  single  vision  with  the  two 
eyes,  the  impressions  must  be  made  upon  exactly  correspond- 
ing points,  even  to  the  ultimate  sensitive  elements  of  the  ret- 
ina. We  may  suppose,  indeed,  that  each  rod  and  each  cone 
of  one  eye  has  its  corresponding  rod  and  cone  in  the  other, 
situated  at  exactly  the  same  distance  in  corresponding  direc- 
tions from  the  visual  axis.1  When  the  two  images  of  an  ob- 
ject are  formed  upon  these  corresponding  points,  they  appear 
as  one ;  but,  when  the  images  do  not  correspond,  the  impres- 
sion is  as  though  the  images  were  formed  upon  different 
points  in  one  retina,  and,  of  necessity,  they  appear  double. 

The  effect  of  a  slight  deviation  from  the  corresponding 
points  may  be  illustrated  by  the  following  experiment :  We 
fix  a  small  object,  like  a  lead-pencil,  held  at  a  distance  of  a 
few  inches,  with  the  eyes,  and  see  it  distinctly  as  a  single 
object ;  we  hold  in  the  same  line,  a  few  inches  farther  re- 
moved, another  small  object;  when  the  first  is  seen  dis- 
tinctly, the  second  appears  double ;  we  fix  the  second  with 

1  It  is  interesting  to  note,  in  this  connection,  the  point}  shown  by  cases  of 
hemiopsia,  that  the  fibres  from  the  optic  tract  upon  one  side  are  probably  con- 
nected with  the  outer  vertical  half  of  the  retina  of  the  same  side,  and  with  the 
inner  vertical  half  of  the  retina  of  the  opposite  side.  This  shows  that  the  outer 
half  of  one  retina  corresponds  to  the  inner  half  of  the  other.    (See  page  41.) 
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the  eyes,  and  the  first  appears  double.  It  is  evident  here, 
that  when  the  axes  of  the  eyes  bear  upon  one  of  these  objects, 
the  images  of  the  other  must  be  formed  a  certain  distance 
from  the  corresponding  retinal  points. 

The  Horopter. — The  above-mentioned  experiment  enables 
us  to  understand  the  situation  of  the  horopter.  If  we  fix 
both  eyes  upon  any  object  directly  in  front  and  keep  them  in 
this  position,  a  similar  object  moved  to  one  side  or  the  other, 
within  a  certain  area,  may  be  seen  without  any  change  in  the 
direction  of  the  axis  of  vision ;  but  the  distance  from  the  eye 
at  which  we  have  single  vision  of  this  second  object  is  fixed, 
and,  at  any  other  distance,  the  object  appears  double.  The  ex- 
planation of  this  is,  that,  at  a  certain  distance  from  the  eye,  the 
images  are  formed  upon  corresponding  points  in  the  retina ; 
but,  at  a  shorter  or  longer  distance,  this  cannot  occur.  This 
illustrates  the  fact  that  there  are  corresponding  points  through- 
out the  sensitive  layer  of  the  retina,  as  well  as  in  the  fovea 
centralis.  By  these  experiments,  the  following  facts  have 
been  ascertained :  With  both  eyes  fixed  upon  an  object,  an- 
other object  moved  to  one  side  or  the  other  can  be  distinctly 
seen  only  when  it  is  carried  in  a  certain  curved  line.  On 
either  side  of  this  line,, the  object  appears  double.  This  line, 
or  area,  for  the  line  may  have  any  direction,  is  called  the 
horopter.  It  was  supposed  at  one  time  to  be  a  regular  curve, 
a  portion  of  a  circle  drawn  through  the  fixed  point  and  the 
points  of  intersection  of  the  rays  of  light  in  each  eye.  Though 
it  has  been  ascertained  that  the  line  varies  somewhat  from  a 
regular  curve,  and  also  varies  in  different  meridians,  this  is 
due  to  differences  in  refraction,  etc.,  and  the  principle  is  not 
altered. 

It  is  undoubtedly  true  that  education  and  habit  have  a 
great  deal  to  do  with  the  correction  of  visual  impressions 
and  the  just  appreciation  of  the  size,  form,  and  distance  of 
objects.     If  we  may  credit  the  account  of  the  remarkable 
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case  of  Caspar  Hauser,  who  is  said  to  have  been  kept  in 
total  darkness  and  seclusion,  from  the  age  of  five  months 
until  he  was  nearly  seventeen  years  old,  the  appreciation  of 
8ize,  form,  and  distance  is  acquired  by  correcting  and  supple- 
menting  the  sense  of  sight  by  experience,  even  in  binocular 
vision.  This  boy  at  first  had  no  idea  of  the  form  of  objects, 
nor  of  distance,  until  he  had  learned  by  touch,  by  walking, 
etc.,  that  certain  objects  were  round,  others  square,  and  had 
actually  traversed  the  distance  from  one  object  to  another. 
At  first,  all  objects  appeared  to  be,  as  it  were,  painted  upon  a 
screen.1  Such  points  as  these  it  would  be  impossible  for  us 
to  accurately  observe  in  infants ;  but  we  have  all  seen  young 
children  grasp  at  remote  objects,  apparently  under  the  im- 
pression that  they  were  within  reach.  It  must  be  admitted, 
however,  that  the  case  of  Caspar  Hauser  is  rather  indefinite ; 
but  it  is  certain  that,  even  in  the  adult,  education  and  habit 
enable  us  to  greatly  improve  the  faculty  of  estimating  dis- 
tances. 

The  important  questions  for  us  now  to  determine  relate 
to  the  differences  between  monocular  and  binocular  vision  in 
the  adult.  We  may  see  an  object  distinctly  with  one  eye ; 
but  are  we  able,  from  an  image  made  upon  one  retina,  to  ap- 
preciate all  its  dimensions  and  its  exact  locality  ? 

Accurate  observations  bearing  upon  this  question  leave  no 
doubt  of  the  fact  that  monocular  vision  is  incomplete  and  in- 
accurate, and  that  it  is  only  when  two  images  are  formed,  one 

1  Caspar  Manser.  An  Account  of  an  Individual  kept  in  a  Dungeon,  sepa- 
rated from  all  Communication  with  the  World,  from  early  Childhood  to  about  the 
Age  of  Seventeen.  Drawn  up  from  Legal  Documents.  By  Ansklm  von  Feur- 
9aqh,  President  of  one  of  the  Bavarian  Courts  of  Appeal,  etc.  Translated  from 
the  German.    Second  Edition,  Boston,  1833. 

As  far  as  we  can  judge,  the  history  of  this  remarkable  case  seems  to  be  au- 
thentic, though  the  scientific  observations  are  obscure  and  indefinite.  The  ac- 
count of  the  gradual  development  of  correct  vision  is  on  page  88. 

Helmholtz  cites  several  cases  of  recovery  of  sight  at  a  relatively  advanced 
age  in  persons  born  blind,  which  show  that  the  ideas  of  distance,  form,  etc.,  are 
gradually  acquired  by  experience.  {Hxlmholtz,  Optique  physiologupu,  Paris, 
1867,  p.  749.) 
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upon  each  retina,  that  vision  is  perfect.  We  cannot  better 
illustrate  the  truth  of  this  proposition  and  the  exact  condi- 
tion of  our  positive  knowledge  upon  this  important  point, 
than  by  quoting  in  full  the  facts  and  arguments  advanced  by 
Giraud-Teulon : l 

"  Monocular  vision  only  indicates  to  us  immediately  visual 
direction ,  and  not  precise  locality.  At  whatever  distance  a 
luminous  point  may  be  situated  in  the  line  of  direction,  it 
forms  its  image  upon  the  same  point  in  the  retina. 

"  In  the  physiological  action  of  a  single  eye,  in  order  to 
arrive  at  an  idea  of  the  distance  of  a  point  in  a  definite  di- 
rection, we  have  only  the  following  elements : 

"  1.  The  consciousness  of  an  effort  of  accommodation. 

"  2.  Our  own  movement  in  its  relations  to  the  point  ob- 
served. 

"  3.  Facts  brought  to  bear  from  recollection,  education, 
our  acquired  knowledge  with  regard  to  the  form  and  size  of 
objeT:  in  .  word,  ^LtaJ*" 

"  4.  The  geometric  perspective  of  form  and  position. 

"  5.  Aerial  perspective. 

"  All  these  are  elements  wanting  in  precision  and  leaving 
the  problem  without  a  decisive  solution. 

"  And,  indeed : 

"  We  place  before  one  of  our  eyes,  the  other  being  closed, 
the  excavated  mould  of  a  medallion:  we  do  not  hesitate, 
after  a  few  seconds,  to  mistake  it  for  the  relief  of  the  medal- 
lion. This  illusion  ceases  at  the  instant  that  both  eyes  are 
opened. 

"  Or  again : 

"  A  miniature,  a  photograph,  a  picture,  produces  for  a 
single  eye  a  perfect  illusion ;  but,  if  both  eyes  be  open,  the 
picture  becomes  flat,  the  prominences  and  the  depressions  are 
effaced. 

"  We  may  repeat  the  following  experiment  described  by 

1  Giraud-Tkulon,  La  virion  binoculaire. — Revue  dee  court  ecientijiquee,  Paris, 
1867-1868,  tome  v.,  p.  226,  et  eeq. 
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Malebranche :  '  Suspend  by  a  thread  a  ring,  the  opening  of 
which  is  not  directed  toward  us;  step  back  two  or  three 
paces;  take  in  the  hand  a  stick  curved  at  the  end;  then, 
closing  one  eye  with  the  hand,  endeavor  to  insert  the  curved 
end  of  the  stick  within  the  ring,  and  we  shall  be  surprised  at 
being  unable  to  do  in  a  hundred  trials  what  we  should  be- 
lieve to  be  very  easy.  If,  indeed,  we  abandon  the  stick  and 
endeavor  to  pass  one  of  the  fingers  through  the  ring,  we  shall 
experience  a  certain  amount  of  difficulty,  although  it  is  very 
near.  This  difficulty  ceases  at  the  instant  that  both  eyes  are 
opened.'    (Malebranche,  Dee  sens,  liv.  1",  chap,  ix.) 

"As  regards  precision,  exactitude  of  information  concern- 
ing  the  relative  distance  of  objects,  that  is  to  say,  the  idea  of 
the  third  dimension  or  of  depth,  there  is  then  a  notable  dif- 
ference between  binocular  vision  and  that  which  is  obtained 
by  means  of  one  eye  alone. 

"  This  difference  is  brought  strikingly  into  view  by  the 
following  remarks  of  Malebranche,  remarks  which  themselves 
imply  an  anticipated  idea  of  the  very  principles  of  associated 
vision. 

"  Returning  to  the  experiment  with  the  ring,  Male- 
branche adds  the  following  judicious  remarks:  'But  we 
must  certainly  note  that  I  have  said  that  we  endeavor  to  pass 
through  the  ring  from  the  side,  and  not  by  a  straight  line 
from  the  eye  to  the  ring ;  for  then  there  would  be  no  diffi- 
culty, and  indeed  it  would  be  still  easier  to  accomplish  this 
with  one  eye  closed  than  with  both  eyes  opened,  because 
that  guides  us.'  (Principle  of  direction,  without  localization.) 
'  Therefore,  one  could  say  that  the  difficulty  experienced  in 
passing  through  a  ring  from  the  side,  with  but  one  eye 
opened,  is  because,  the  other  eye  being  closed,  the  angle  of 
which  I  have  spoken  (the  angle  of  convergence  of  the  optical 
axes)  is  not  known ;  for  it  is  not  enough,  in  order  to  recog- 
nize the  size  of  an  angle  (read  in  order  to  recognize  a  tri- 
angle), to  know  the  size  of  the  base  and  of  the  angle  formed 
by  one  of  the  sides  with  the  base,  which  is  known  in  the  pre- 
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ceding  experiment ;  but  it  is  necessary  in  addition  to  know 
the  angle  formed  by  the  other  side  with  the  base,  or  the 
length  of  one  of  the  sides,  which  cannot  be  known  exactly 
except  by  opening  the  other  eye.  The  arrangement  of  the 
two  eyes  as  regards  the  angle  formed  by  the  visual  rays  (read 
the  lines  of  vision)  which  meet  each  other  at  the  object  is 
then  one  of  the  best  and  most  universal  means  made  use  of 
by  the  intelligence  to  judge  of  the  distance  of  things  .'  " 

From  the  above  extract,  which  is  entirely  in  accordance 
with  our  present  knowledge,  it  is  evident  that  an  accurate 
idea  of  the  distance  of  objects  cannot  be  obtained  except  by 
the  use  of  both  eyes,  and  this  fact  will  explain,  in  part,  the 
errors  of  monocular  vision,  when  we  look  with  one  eye  upon 
objects  in  relief ;  for,  under  these  conditions,  we  cannot  de- 
termine with  accuracy  whether  the  points  in  relief  be  nearer 
or  farther  from  the  eye  than  the  plane  surface.  This  will 
not  fully  explain,  however,  the  idea  of  solidity  of  objects 
which  we  obtain  by  the  use  of  both  eyes j  for  the  estimation 
of  distance  is  obtained  by  bringing  the  axes  of  both  eyes  to 
bear  upon  a  single  object,  be  it  near  or  remote.  The  fact  is, 
as  was  distinctly  stated  by  Galen,  in  the  second  century,1  that, 
when  we  look  at  any  solid  object  not  so  far  removed  as  to 
render  the  visual  axes  practically  parallel,  we  see  with  the 
right  eye  a  portion  of  the  surface  which  is  not  seen  with  the 
left  eye,  and  vice  versa.  The  two  impressions,  therefore,  are 
not  identical  for  each  retina ;  the  image  upon  the  left  retina 
including  a  portion  of  the  left  side  of  the  object  not  seen  by 
the  right  eye,  the  right  image  in  the  same  way  including  a 
portion  of  the  right  surface  not  seen  by  the  left  eye.  These 
slightly  dissimilar  impressions  are  fused,  as  it  were,  produce 
the  impression  of  a  single  image,  when  vision  is  perfectly 
normal,  and  this  gives  the  idea  of  relief  or  solidity,  enabling 
us  to  appreciate  exactly  the  form  of  objects,  when  they  are 
not  too  remote. 

1  Galikn,  (Euvre*  analomiques,  phyMogiquet  et  m&dicaUt,  par  Daeembkrq, 
Paris,  1854,  tome  i.,  p.  640,  et  aeq. 
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The  fact  just  stated  is  of  course  a  mathematical  necessity 
in  binocular  vision  for  near  objects ;  but  the  actual  demon- 
stration of  the  fusion  of  two  dissimilar  images  and  the  conse- 
quent formation  of  a  single  image  giving  the  impression  of 
solidity  was  made  by  the  invention  of  the  stereoscope,  by 
Wheatstone.1  The  principle  of  this  instrument  is  very  sim- 
ple. Two  pictures  are  made,  representing  a  solid  object,  one 
viewed  slightly  from  the  right  side,  and  the  other,  slightly 
from  the  left,  so  as  to  imitate  the  differences  in  the  images 
formed  upon  the  two  retinae.  These  pictures  are  so  placed 
in  a  box  that  the  image  of  one  is  formed  upon  the  right  ret- 
ina, and  the  other,  upon  the  left.  When  these  conditions  are 
accurately  fulfilled,  we  see  but  a  single  image,  and  this  con- 
veys to  the  mind  the  perfect  illusion  of  a  solid  object.  Ex- 
periments with  the  stereoscope  are  so  familiar  that  they  need 
hardly  be  dwelt  upon.  With  most  persons,  an  apparatus  is 
necessary  to  shut  off  disturbing  visual  impressions ;  but  some 
individuals  are  able  to  fuse  two  images  in  this  way,  placed  in 
proper  position,  without  the  aid  of  an  instrument,  by  a  sim- 
ple effort  of  the  will. 

The  invention  of  the  stereoscope  has  led  to  many  curious 
and  interesting  experiments,  especially  since  the  art  of  pho- 
tography has  enabled  us  to  produce  pictures  in  any  position 
with  absolute  accuracy ;  but  a  simple  statement  of  the  princi- 
ple upon  which  the  instrument  is  constructed  illustrates  the 
mechanism  of  binocular  vision  in  the  appreciation  of  the 
form  of  objects.  Experience,  the  aid  of  the  sense  of  touch, 
etc,  enable  persons  with  but  one  eye  to  get  a  notion  of  form, 
but  the  impressions  are  never  entirely  accurate  in  this  regard, 
although,  from  habit,  this  defect  occasions  little  or  no  incon- 
venience. A  striking  illustration  of  these  points  is  afforded 
by  the  binocular  microscope,  which,  especially  with  low  mag- 
nifying powers,  produces  a  startling  impression  of  relief. 

As  we  have  just  remarked,  the  stereoscope  affords  a  satis- 

1  Whkatstoni,    Contributions  to  the  Physiology  of  Vision,— Philosophical 
Transactions,  London,  1838,  vol  ixxviii.,  p.  871,  et  seq. 
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factory  explanation  of  the  mechanism  of  the  eye  in  the  ap- 
preciation of  the  form  of  objects ;  but,  notwithstanding  this, 
a  theory  has  been  proposed,  and  is  adopted  by  some  writers, 
that  we  obtain  an  idea  of  form  by  rapidly  and  insensibly  di- 
recting the  eyes  successively  toward  different  points  on  the 
surface  of  objects.  It  is  difficult  to  understand  how  the  eye 
can  make  these  rapid  movements,  but  the  question  is  defini- 
tively settled  by  a  very  simple  fact  demonstrated  by  Dove, 
Helmholtz,  and  others.  In  an  article  on  visual  perception, 
by  Helmholtz,  it  is  stated  that  stereoscopic  effect  is  recog- 
nized when  two  pictures  are  seen  illuminated  by  an  electric 
spark,  the  duration  of  which  does  not  amount  to  the  four- 
thousandth  part  of  a  second,  so  short,  indeed,  that  a  falling 
body  appears  absolutely  motionless.1  Under  these  conditions, 
displacement  of  the  line  of  vision  wpuld  seem  to  be  impos- 
sible. 

We  shall  conclude  our  discussion  of  binocular  vision  and 
the  stereoscope  with  a  brief  account  of  some  experiments 
upon  the  binocular  fusion  of  colors,  which  are  very  curious, 
though  they  have  no  very  important  bearing  upon  the  phygh 
iology  of  the  eye  in  ordinary  vision.  Though  an  opposite 
opinion  is  held  by  some  experimenters,  Helmholtz,  with 
many  others,  states  that  when  one  color  is  seen  with  one  eye 
and  another  color  with  the  other  eye,  in  the  stereoscope,  the 
impression  is  not  of  a  single  color  resulting  from  the  combi- 
nation of  the  two.*  It  is  true  that  there  is  an  imperfect  min- 
gling of  the  two  colors,  but  this  is  very  different  from  the 
resulting  color  produced  by  the  actual  fusion  of  the* two. 
There  is,  in  other  words,  a  sort  of  confusion  of  colors,  with- 
out the  complete  combination  with  which  we  are  familiar  in 
ordinary  experiments.  One  additional  point  of  interest, 
however,  is  that  the  binocular  fusion  of  two  pictures,  une- 
qually illuminated  or  of  different  colors,  produces  a  single 

1  Helmholtz,  Les  perceptions  vimteUes. — Revue  de»  court  scientifique*,  Paris, 
1868-1869,  tome  vi,  p.  422;  and,  OpHque  phytwlogique,  Paris,  1867,  p.  987. 
*  Hklmholtz,  Optique  physiolooique,  Paris,  1867,  p.  976. 
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image  of  a  peculiar  lustre,  even  when  both  surfaces  are  dull. 
This  may  be  very  elegantly  shown  by  making  a  stereoscopic 
combination  of  images  of  crystals,  one  with  black  lines  on  a 
white  ground,  and  the  other  with  white  lines  on  a  black 
ground.  The  resulting  image  has  then  the  appearance  of 
dark,  brilliant  crystals,  like  graphite.1 

Duration  of  Ijwrrwnov*  Impressions. 

The  time  necessary  for  vision  is  exceedingly  short ;  so 
short,  indeed,  that  it  almost  passes  our  powers  of  comprehen- 
sion. Taking  advantage  of  the  very  delicate  methods  of  chro- 
nometric  observations  now  employed  by  physicists,  it  has  been 
shown  by  Prof.  Bood  that  the  letters  on  a  printed  page  are 
distinctly  seen  when  illuminated  by  an  electric  spark,  the  du- 
ration  of  which  was  measured  and  found  to  be  not  more 
than  forty  billionths  of  a  second.*  By  reference  to  page  74, 
it  will  be  seen  that  the  waves  of  light  strike  the  eye  at  the 
rate  of  over  five  hundred  millions  of  millions  in  a  second ;  so 
that,  even  in  the  period  indicated  by  Prof.  Rood,  an  immense 
number  of  waves  have  time  to  impinge  upon  the  retina. 

We  have  long  been  familiar  with  the  fact  that  an  impres- 
sion made  upon  the  retina  endures  for  a  period  of  time  that 
can  readily  be  measured,  and  that  its  duration  bears  a  certain 
degree  of  relation  to  the  intensity  of  the  luminous  excitation. 
If,  after  looking  fixedly  at  a  very  bright  object,  we  suddenly 
produce  complete  obscurity,  the  object  is  more  or  less  dis- 
tinctly seen,  when  the  rays  have  ceased  to  pass  to  the  eye, 
and  the  image  fades  away  gradually.  When  we  produce  a 
rapid  succession  of  images,  they  may  be,  as  it  were,  fused 
into  one,  as  the  spokes  of  a  rapidly-revolving  wheel  are  in- 
distinct and  produce  a  single  impression.  This  is  due  to  the 
persistence  of  the  successive  retinal  impressions ;  for,  if  a  re- 
volving wheel,  or  even  a  falling  body,  be  illuminated  for  the 

1  Hklmholts,  OpHque  phyriokgique,  Paris,  1867,  p.  088. 
*  Bood,  On  the  Amount  of  Time  necenaryfor  Vuion. — American  Journal  of 
8eience  and  ArUy  New  Haven,  1871,  Third  Series,  vol  il,  p.  109. 
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brief  duration  of  an  electric  spark,  it  appears  absolutely  sta- 
tionary,  as  the  period  of  time  necessary  for  perfectly  distinct 
vision  and  the  duration  of  the  illumination  are  so  short,  that 
there  is  no  time  for  any  appreciable  movement  of  the  object. 
The  familiar  experiments  made  with  revolving  disks  beauti- 
fully illustrate  these  points.  In  a  disk  marked  with  alter- 
nate radiating  lines  of  black  and  white,  the  rays  become  en- 
tirely indistinguishable  during  rapid  revolution,  and  the  disk 
appears  of  a  uniform  color,  such  as  would  be  produced  by  a 
combination  of  the  black  and  white.  Very  beautiful  effects  of 
artificial  combination  of  colors  may  be  produced  in  this  way, 
the  resultant  color  appearing  precisely  as  if  the  individual 
colors  had  been  ground  together.  It  is  also  interesting,  in  this 
connection,  to  note  that  the  duration  of  the  retinal  impres- 
sions varies  considerably  for  the  different  colors.  This  fact 
was  observed  some  years  ago  by.  Plateau,1  and  was  confirmed 
by  Emsmann,'  there  being  some  slight  variations  in  the  com- 
parative results  obtained  by  these  two  experimenters.  Ac- 
cording to  Emsmann,  the  duration  for  yellow  is  0*25  of  a  sec- 
ond ;  for  white,  0*25  of  a  second ;  for  red,  0*22  of  a  second ; 
and  for  blue,  0*21  of  a  second. 

It  is  unnecessary  to  describe  farther  in  detail  the  well- 
known  phenomena  which  illustrate  the  point  under  considera- 
tion. The  circle  of  light  produced  by  rapidly  revolving  a 
burning  coal,  the  track  of  a  meteor,  and  other  illustrations 
are  sufficiently  familiar,  as  well  as  many  scientific  toys  pro- 
ducing optical  illusions  of  various  kinds. 

Irradiation. — It  has  been  observed  that  luminous  impres- 
sions are  not  always  confined  to  the  elements  of  the  retina 
directly  involved,  but  are  sometimes  propagated  to  those  im- 
mediately adjacent.    This  gives  to  objects  a  certain  degree  of 

1  Plateau,  Ueber  eittige  Eigmtchaften  der  vom  IAckte  auf  dot  Qetkhtwrgan 
hervorgebrachien  Mndrucke, — Armalender  Phyrik  und  Chemie,  Leipzig,  1830,  Bd. 
xx.,  S.  809. 

*  Emsmann,  Ueber  die  Dauer  dee  LichUndrnclct  — Annalen  der  Phyeik  und 
Chemie,  Leipzig,  1854,  Bd.  xcL  (vierte  Reihe,  Bd.  i.),  S.  616. 
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amplification,  which  is  generally  in  proportion  to  their  bright-  I 

ness.    An  illustration  of  this  is  afforded  by  the  simple  ex-  j 

periment  of  looking  at  two  circles,  one  black  on  a  white  \ 

ground,  and  the  other  white  on  a  black  ground.    Although  j 

the  actual  dimensions  of  the  two  circles  are  identical,  the  irra-  j 

diation  of  rays  from  the  white  circle  makes  this  appear  the 
larger.  In  a  circle  with  one  half  black  and  the  other  white, 
the  white  portion  will  appear  larger  for  the  same  reason. 
This  deception  increases  sensibly  when  we  look  steadily  at 
the  object.  These  phenomena  are  due  to  what  has  been 
called  by  physiologists  irradiation ;  and  their  explanation  is 
Tery  simple.  It  is  probable  that  luminous  impressions  are 
never  confined  absolutely  to  those  parts  of  the  retina  upon 
which  tha  rays  of  light  directly  impinge,  but  that  the  sensi- 
tive elements  immediately  contiguous  are  always  more  or  less 
involved.  In  looking  at  powerfully  illuminated  objects,  the 
irradiation  is  considerable,  as  compared  with  objects  which 
send  fewer  luminous  rays  to  the  eye. 

In  experiments  analogous  to  those  just  described,  made 
with  strongly  colored  objects,  it  has .  been  observed  that  the 
border  of  irradiation  takes  a  color  complementary  to  that  of 
the  object  itself.  This  is  particularly  well  marked  when  the 
objects  are  steadily  looked  at  for  some  time.  Illustrations  of 
this  point  also  are  very  simple.  If  we  looked  fixedly  at  a 
red  spot  or  figure  on  a  white  ground,  we  soon  see  surrounding 
the  red  object  a  faint  areola  of  a  pale  green ;  or,  if  the  image 
be  yellow,  the  areola  will  appear  pale  blue.  These  appear- 
ances have  been  called  accidental  areolae. 

Movements  of  the  Eyeball. 

The  eyeball  nearly  fills  the  cavity  of  the  orbit,  resting,  by 
its  posterior  portion,  upon  a  bed  of  adipose  tissue,  which  is 
never  absent,  even  in  extreme  emaciation.  Outside  of  the 
sclerotic,  is  a  fibrous  membrane,  the  tunica  vaginalis  oculi,  or 
capsule  of  Tenon,  which  is  useful  in  maintaining  the  equilib- 
rium of  the  globe.    This  fibrous  membrane  surrounds  the 
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posterior  two-thirds  of  the  globe,  and  is  loosely  attached  to 
the  sclerotic  It  is  perforated  by  the  optic  nerve  posteriorly, 
and  by  the  tendons  of  the  recti  and  oblique  muscles  of  the 
eyeball  in  front,  being  reflected  over  these  muscles.  It  is 
also  continuous  with  the  palpebral  ligaments  and  is  attached 
by  two  tendinous  bands  to  the  border  of  the  orbit  at  the  in- 
ternal and  the  external  angles  of  the  lids. 

The  muscles  which  move  the  globe  are  six  in  number  for 
each  eye.  These  are,  the  external  and  internal  recti,  the  su- 
perior and  inferior  recti,  and  the  two  oblique  muscles.  The 
four  recti  muscles  and  the  superior  oblique  arise  posteriorly 
from  the  apex  of  the  orbit.  The  recti  pass  directly  forward 
by  the  sides  of  the  globe  and  are  inserted  by  short,  tendinous 
bands  into  the  sclerotic,  at  a  distance  of  from  one-fourth  to 
one-third  of  an  inch  from  the  margin  of  the  cornea.  The 
superior  oblique,  or  trochlearis  muscle  passes  along  the  upper 
and  inner  wall  of  the  orbit  to  a  point  near  the  inner  angle. 
It  here  presents  a  rounded  tendon,  which  passes  through  a 
ring,  or  pulley  of  fibr<H»rtilage ;  and  it  is  from  this  point 
that  its  action  is  exerted  upon  the  globe.  From  the  pulley, 
or  trochlea,  the  tendon  becomes  flattened,  passes  outward  and 
backward  beneath  the  superior  rectus,  and  is  inserted  into 
the  sclerotic,  about  midway  between  the  superior  and  the  ex- 
ternal rectus  and  just  behind  the  equator  of  the  globe.  The 
inferior  oblique  muscle  arises  just  within  the  anterior  margin 
of  the  orbit,  near  the  inner  angle  of  the  eye,  and  passes 
around  the  anterior  portion  of  the  globe,  beneath  the  inferior 
rectus  and  between  the  external  rectus  and  the  eyeball,  tak- 
ing a  direction  outward  and  slightly  backward.  Its  tendon  is 
inserted  into  the  sclerotic,  a  little  below  the  insertion  of  the 
superior  oblique.  The  general  arrangement  of  these  muscles 
is  shown  in  Fig.  8. 

The  various  movements  of  the  eyeball  are  easily  under- 
stood by  a  study  of  the  associated  movements  of  the  muscles 
just  enumerated,  at  least,  as  far  as  is  necessary  to  the  compre- 
hension of  the  mechanism  by  which  the  eyes  are  directed 
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toward  any  particular  object  We  have  already  seen  that 
the  centre  of  exact  vision  is  in  the  fovea ;  and  it  is  evident 
that,  in  order  to  see  any  object  distinctly,  it  is  necessary 
to  bring  it  within  the  axes  of  vision  of  both  eyes.    As  the 


MudN  of  the  syctaD.— t.  ettecbme nt  of  the  Union  connected  with  the  Inferior  rortne,  Inter. 


.-. .,  _ j;  D,  inferior  intdi;  6,  inperler 

.  .  T.  poDej  mi  reflected  portion  of  the  ennerior  obHona;  a,  Inferior  obHqne;  9,  1*™- 
tor  pmlpebrl  inperlorli :  10.  10,  middle  portion  of  the  levator  pelpebri  •aperloni;  11,  opUo 
nerre.    [Sunr,  Twiti iTi^alomit,  Pirfe,  1863,  tome  IL,p.  118.) 


globe  is  so  balanced  in  the  orbit  as  to  be  capable  of  rotation, 
within  certain  limits,  in  every  direction,  we  have  only  to 
note  the  exact  mode  of  action  of  each  of  the  muscles,  in 
order  to  comprehend  how  the  different  movements  are  ac- 
complished. 

It  is  sufficient  for  our  purposes  to  admit  that,  approxima- 
tivcly,  there  is  a  common  axis  of  rotation  for  each  pair  of 
muscles ;  but  the  movements  of  the  globe  have  been  studied 
much  more  minutely  than  this,  with  reference  particularly  to 
the  effects  of  paralysis  of  different  muscles.    The  points  thus 
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developed  are  interesting  and  important  in  their  pathological 
bearing,  but  the  intricate  mathematical  calculations  involved 
are  not  essential  to  our  comprehension  of  the  simple  acts  by 
which  the  axis  of  vision  is  moved  in  various  directions.  It  is 
not  necessary  to  discuss  the  exact  location  of  the  centre  of  ro- 
tation of  the  eye,  the  mathematical  formulas  illustrating  what 
are  known  as  the  laws  of  rotation,  or  the  law  of  torsions,  es- 
pecially as  some  of  these  points  are  still  unsettled,  notwith- 
standing the  elaborate  and  delicate  observations  of  Donders, 
Helmholtz,  and  many  others.  In  the  admirable  work  of 
Helmholtz,  to  which  we  have  so  often  referred,  we  find  the 
following  statement,  which  will  form  the  basis  of  our  study 
of  the  ocular  movements: 

"  By  the  diversified  combination  of  the  action  of  the  six 
muscles,  not  only  may  the  axis  of  the  eye  be  turned  in  all  di- 
rections, but  the  eye.  may,  in  addition,  receive  movements  of 
rotation  around  this  axis.  If  we  have  assumed  for  each  pair 
of  muscles  a  common  axis  of  rotation,  it  is  that  this  supposi- 
tion seems  admissible,  at  least  as  a  first  approximation,  and 
that  it  simplifies  to  a  remarkable  degree  the  examination  of 
the  movements  which  the  muscles  of  the  eye  have  to  per- 
form."1 

Under  ordinary  conditions,  in  the  human  subject,  the  ac- 
tion of  the  six  ocular  muscles  is  confined  to  the  movements 
of  rotation  and  torsion  of  the  globe.  It  is  said  that,  in  the 
human  subject,  there  is  no  such  thing  as  protrusion  of  the  eye, 
from  general  relaxation  of  these  muscles,  and  that  it  is  impos- 
sible, by  a  combined  action  of  the  four  recti  muscles,  to  re- 
tract the  globe  in  the  orbit ;  *  but  those  who  have  operated 
upon  the  eyes  assert  positively  that  this  statement  is  erro- 
neous; and  that  the  globe  is  almost  always  suddenly  and 
powerfully  drawn  within  the  orbit  when  a  painful  impression 
is  made  upon  the  cornea.  This  is  stated  as  a  matter  of  com- 
mon observation  by  ophthalmic  surgeons.' 

1  Helmholtz,  Optique  physiologique,  Paris,  1867,  p.  41. 

*  Helmholtz,  op.  «*.,  p.  696.         *  Oral  communication  from  Prof.  Noyce. 
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The  extent  to  which  the  line  of  vision  may  be  turned  by 
a  voluntary  effort  varies  in  different  individuals,  even  when 
the  eyes  are  perfectly  normal.  In  myopic  eyes,  the  centre 
of  rotation  is  deeper  in  the  orbit  than  normal,  and  the  ex- 
tent of  the  possible  deviation  of  the  visual  line  is  correspond- 
ingly diminished.  Helmholtz  states  that,  in  his  own  person, 
with  the  greatest  effort  that  he  is  capable  of  making,  he  can 
move  the  line  of  vision  in  the  horizontal  plane  to  the  extent 
of  about  fifty  degrees,  and,  in  the  vertical  plane,  about  forty- 
five  degrees ;  but  he  adds  that  these  extreme  rotations  are 
very  forced,  and  that  they  cannot  be  sustained  for  any  length 
of  time.1  It  is  probable  that  we  seldom  move  the  eyeball  in 
any  direction  to  an  angle  of  forty-five  degrees,  the  direction 
of  the  visual  line  being  more  easily  accomplished  by  move- 
ments of  the  head. 

Action  of  the  Recti  Muscles. — The  action  of  the  recti, 
particularly  the  internal  and  external,  is  quite  simple. 

The  internal  and  the  external  recti  rotate  the  globe  upon 
a  vertical  axis,  which  is  perpendicular  to  the  axis  of  the  eye. 
The  isolated  action  of  these  muscles,  particularly  the  external 
rectus,  is  often  illustrated  in  certain  forms  of  paralysis,  which 
have  been  alluded  to  in  connection  with  the  history  of  the 
cranial  nerves." 

The  superior  and  the  inferior  recti  rotate  the  globe  upon 
an  horizontal  axis,  which  is  not  at  right  angles  with  the  axis 
of  the  eye,  but  is  inclined  from  the  nasal  side  slightly  back- 
ward. The  line  which  serves  as  the  axis  of  rotation  for  these 
muscles  forms  an  angle  of  about  seventy  degrees  with  the 
axis  of  the  globe ; '  and,  as  a  consequence  of  this  arrange- 
ment, their  action  is  not  so  simple  as  that  of  the  internal  and 
external  recti.    The  insertion  of  the  superior  rectus  is  such, 

1  Helmholtz,  Optique  physiologique,  Paris,  1867,  p.  598. 

*  For  an  account  of  the  effects  of  paralysis  of  one  or  more  of  the  nerves  of 
the  eyeball,  the  reader  is  referred  to  vol.  iv.,  Nervous  System,  p.  128,  et  $eq. 

•  Helmholtz,  op.  cit.,  p.  40. 
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that  when  it  contracts,  the  pupil  is  directed  upward  and  in- 
ward, the  inferior  rectus  directing  the  pupil  downward  and 
inward. 

The  above  represents  the  simple,  isolated  action  of  each 
pair  of  recti  muscles ;  but  it  is  easy  to  see  how,  without  ne- 
cessarily involving  the  action  of  the  oblique  muscles,  the 
globe  may  be  made  to  perform  an  immense  variety  of  rota- 
tions,  and  the  line  of  vision  may  be  turned  in  nearly  every 
direction,  by  the  action  of  the  recti  muscles  alone. 

Action  of  the  Oblique  Muscles. — Although  there  has  been 
considerable  discussion  concerning  the  exact  mode  of  action 
of  the  oblique  muscles,  their  mechanism  may  now  be  re- 
garded as  pretty  well  settled,  at  least  as  regards  the  human 
subject.  In  the  first  place,  it  is  sufficient  for  all  practical 
purposes,  to  assume  that  the  superior  and  the  inferior  oblique 
muscles  act  as  direct  antagonists  to  each  other.  The  next 
point  to  determine  is  the  direction  of  the  axis  of  rotation  of 
the  globe  with  reference  to  the  action  of  these  muscles.  The 
most  exact,  recent  measurements  show  that  this  axis  is  hori- 
zontal, and  that  it  has  an  oblique  direction,  from  before  back- 
ward and  from  without  inward.  The  angle  formed  by  the 
axis  of  rotation  of  the  oblique  muscles  with  the  axis  of  the 
globe  is  thirty-five  degrees ;  and  the  angle  between  the  axis 
of  the  oblique  muscles  and  the  axis  of  the  superior  and  infe- 
rior recti  muscles  is  seventy-five  degrees.1 

Given  the  direction  of  the  axis  of  rotation  and  the  direc- 
tion of  the  superior  oblique  muscle,  it  is  easy  to  under- 
stand the  effects  of  its  contraction.  As  this  muscle,  passing 
obliquely  backward  and  forward  over  the  globe,  acts  from 
the  pulley  near  the  inner  angle  of  the  eye  to  its  insertion 
just  behind  the  anterior  half  of  the  globe  on  its  external  and 
superior  surface  (see  Fig.  8),  it  must  rotate  the  globe  so  as  to 
direct  the  pupil  downward  and  outward. 

The  inferior  oblique,  passing  outward  and  slightly  back- 

1  Hsliiholtz,  Optique  phynologiqiu,  Paris,  1867,  p.  41. 
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ward  under  the  globe,  acts  from  its  origin  at  the  margin  of 
the  orbit  near  the  inner  angle  of  the  eye  to  its  insertion, 
which  is  just  below  the  insertion  of  the  superior  oblique. 
This  muscle  rotates  the  globe  so  as  to  direct  the  pupil  up- 
ward and  outward. 

The  action  of  the  oblique  muscles  seems  to  be  specially 
connected  with  the  movements  of  torsion  of  the  globe.1  It  is 
necessary  to  distinct,  single  vision  with  both  eyes,  that  the 
images  should  be  formed  upon  exactly  corresponding  points 
on  the  retina,  and  that  they  should  bear,  for  the  two  eyes, 
corresponding  relations  to  the  perpendicular.  Thus  it  is  that, 
when  the  head  is  inclined  to  one  side,  the  eyes  are  twisted 
upon  an  oblique,  antero-posterior  axis,  as  can  be  readily  ob- 
served if  we  watch  little  spots  upon  the  iris  during  these 
movements. 

The  superior  oblique  muscle  is  supplied  by  a  single  nerve, 
the  patheticus.  When  this  muscle  is  paralyzed,  the  inferior 
oblique  acts  without  its  antagonist,  and  the  eyeball  is  immov- 
able, as  far  as  the  twisting  of  the  globe,  just  described,  is 
concerned.  When  the  head  is  moved  toward  the  shoulder, 
the  globe  cannot  rotate  to  maintain  a  position  correspond- 
ing to  that  of  the  other  eye,  and  we  have  double  vision. 
This  point  has  already  been  touched  upon  in  connection  with 
the  physiology  of  the  nerves  of  the  eyeball f  and  the  discus- 
sion of  the  corresponding  points  in  the  retina.' 

Associated  Action  of  the  Different  Muscles  of  the  Eye- 
ball. — It  is  almost  unnecessary  to  add,  after  the  description 
just  given  of  the  actions  of  the  individual  muscles  of  the 
globe,  that  their  contractions  may  be  associated,  so  as  to  pro- 

1  We  use  the  word  torsion  in  a  sense  different  from  that  of  rotation.  By 
torsion,  we  mean  the  twisting  of  the  eyeball  upon  the  axis  of  the  oblique  mus- 
cles, as  a  wheel  would  turn  upon  an  axle,  maintaining,  in  this  way,  a  constant 
and  exact  relation,  for  the  two  eyes,  between  the  vertical  and  the  horizontal  me- 
ridian. We  make  this  explanation  for  the  reason  that  torsion  is  a  word  not 
commonly  used  by  English  writers.    It  corresponds  to  Raddrehung,  in  German. 

*  See  yoL  iv.,  Nervous  System,  p.  186.  s  See  page  119. 
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duce  an  infinite  variety  of  movements.  We  have  no  con- 
sciousness, under  ordinary  circumstances,  of  the  muscular 
action  by  which  the  globe  is  rotated  and  twisted  in  various 
directions,  except  that,  by  an  effort  of  the  will,  we  direct  the 
visual  line  toward  different  objects.  By  a  strong  effort,  we 
can  make  the  eyes  converge  by  contracting  both  internal 
recti,  and  some  persons  can  produce  extreme  divergence  by 
using  both  external  recti ;  but  this  is  abnormal. 

In  looking  at  distant  objects,  the  axes  of  vision  are  prac- 
tically parallel.  When  we  look  at  near  objects,  the  effort  of 
accommodation  is  attended  with  the  amount  of  convergence 
necessary  to  bring  the  visual  axes  to  bear  upon  identical 
points.  In  looking  around  at  different  objects,  we  move  the 
head  more  or  less,  rotating  and  twisting  the  globes  in  various 
directions.  In  the  movements  of  the  globes  vertically,  the 
axes  are  kept  parallel,  or  at  the  proper  angle,  by  the  internal 
and  external  recti,  and  the  superior  and  inferior  recti  upon 
the  two  sides  act  together.  In  rotating  the  globe  from  one 
side  to  the  other,  upon  a  vertical  axis,  the  external  rectus 
upon  one  side  acts  with  the  internal  rectus  upon  the  other. 
In  the  movements  of  torsion  upon  an  anteroposterior  axis, 
there  must  be  an  associated  action  of  the  oblique  muscles 
and  the  recti  We  quote  from  Longet  the  following,  as  illus- 
trative of  this  combination  of  action : 

"  If  the  eyes  be  directed  obliquely  upward  and  to  the  left, 
the  vertical  meridians  of  the  two  eyes  are  parallel  and  in- 
clined from  left  to  right,  for  the  left  eye,  outward,  and  for 
the  right  eye,  inward.  The  movement  of  the  left  eye  up- 
ward and  to  the  left,  or  outward,  necessitates  a  contraction  of 
the  superior  rectus,  the  external  rectus,  and  the  inferior 
oblique  muscles.  As  regards  the  right  eye,  also  directed  up- 
ward and  to  the  left,  that  is  to  say,  inward,  this  is  moved  by 
the  simultaneous  action  of  the  superior  rectus*  the  internal 
rectus,  and  the  inferior  oblique."  l 

We  have  given  the  above  quotation  simply  to  illustrate  a 

1  Longit,  TraitS  de  phytiologie,  Paris,  1869,  tome  ii.,  p.  928. 
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combination  of  action  of  three  muscles  for  each  eye,  the  only 
difference  in  binocular  vision  being  that  in  one  eye  the  ex- 
ternal  rectus  is  brought  into  play,  while  the  internal  rectus 
acts  upon  the  opposite  side.  [Reversing  this  action  of  the  in- 
ternal and  external  recti,  we  have  the  action  which  directs 
the  pupil  upward  and  to  the  right  If  we  substitute  for  the 
superior  rectus  and  the  inferior  oblique,  the  inferior  rectus 
and  the  superior  oblique,  we  have  the  pupil  directed  down- 
ward, and  either  to  the  right  or  left,  as  the  internal  or  ex- 
ternal rectus  upon  either  side  is  brought  into  action. 

One  important  point,  never  to  be  lost  sight  of  in  our 
study  of  the  associated  action  of  the  muscles  of  the  globe, 
relates  to  the  combined  movements  of  the  two  eyes.  We 
have  already  seen  that  perfect  binocular  vision  is  possible 
only  when  impressions  are  made  upon  exactly  corresponding 
points  in  the  retina  of  each  eye.1  If  one  eye  be  deviated  in 
the  horizontal  plane,  the  points  no  longer  correspond,  and 
there  is  double  vision,  the  same  as  if  two  impressions  were 
made  upon  one  retina ;  for  when  the  impressions  exactly  corre- 
spond, the  two  retinae  act  practically  as  a  single  organ.  The 
same  is  true  in  deviation  of  the  globe  in  the  vertical  plane. 
If  we  suppose,  for  sake  of  argument,  that  the  retina  is 
square,  it  is  evident  that  a  torsion,  or  twisting  of  one  globe 
upon  an  anteroposterior  axis  (Raddrehimg)  must  be  attended 
with  an  analogous  movement  of  the  other  globe,  in  order  to 
bring  the  visual  rays  to  bear  upon  the  corresponding  points ; 
in  other  words,  the  obliquity  of  the  assumed  square  of  the 
retina  must  be  exactly  the  same  for  the  two  eyes,  or  the  coin- 
cidence of  the  corresponding  points  would  be  disturbed, 
and  we  should  have  double  vision.  When  we  clearly  under- 
stand that  deviation  of  one  eye  in  the  horizontal  or  the  ver- 
tical plane  disturbs  the  relation  of  the  corresponding  points, 
which  is  sufficiently  easy  of  comprehension,  and  that  a  devia- 
tion from  exact  coincidence  of  action  in  torsion  of  the  globes, 
twists,  as  it  were,  the  corresponding  points,  so  that  their  rela- 

1  See  page  119. 
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tion  is  also  disturbed,  we  can  see  that  the  varied  movements 
of  the  globes,  by  the  combined  action  of  the  recti  and  oblique 
muscles,  must  correspond  for  each  eye,  in  the  movements  of 
torsion  upon  an  anteroposterior  axis,  as  well  as  in  movements 
of  rotation  upon  the  horizontal  or  the  vertical  axis. 

We  cannot  go  more  elaborately  into  the  various  combina- 
tions of  action  of  the  muscles  of  the  eyeball,  without  giving 
the  subject  more  prominence  than  is  desirable  in  a  general 
treatise  on  physiology.  These  questions  are  minutely  studied 
by  Helmholtz,  in  the  work  to  which  we  have  so  often  re- 
ferred.1 

Parts  for  the  Protection  of  the  Ey&dll. 

The  orbit,  formed  by  the  union  of  certain  of  the  bones  of 
the  face,  receives  the  eyeball,  the  ocular  muscles,  the  muscle 
of  the  upper  lid,  blood-vessels,  nerves,  part  of  the  lachrymal 
apparatus,  and  contains,  also,  a  certain  amount  of  adipose 
tissue,  which  latter  never  disappears,  even  in  extreme  maras- 
mus. The  bony  walls  of  this  cavity  protect  the  globe  and 
lodge  the  parts  above  enumerated.  The  internal,  or  nasal 
wall  of  the  orbit  projects  considerably  beyond  the  external 
wall,  so  that  the  extent  of  vision  is  far  greater  in  the  outward 
than  in  the  inward  direction.  As  the  globe  is  more  exposed 
to  accidental  injury  from  an  outward  direction,  the  external 
wall  of  the  orbit  is  strong,  while  the  bones  which  form  its 
internal  wall  are  comparatively  fragile.  The  upper  semi- 
circumference  of  the  orbit,  the  superciliary  ridge,  is  provided 
with  short,  stiff  hairs,  the  eyebrows,  which  serve  to  shade  the 
eye  from  excessive  light  and  to  protect  the  eyelids  from  per- 
spiration from  the  forehead. 

The  eyelids  are  folds  of  very  thin  integument,  lined  by  a 
mucous  membrane,  the  conjunctiva.  The  subcutaneous  con- 
nective tissue  is  thin  and  loose,  and  is  entirely  free  from  fat. 
It  presents  numerous  short  papillae  and  small  sudoriparous 
glands.  At  the  borders  of  the  lids,  are  short,  stiff,  curved 
hairs,  arranged  in  two  or  more  rows,  the  eyelashes,  or  cilia. 

1  Helmholtz,  Opiique  phytioiogique^  Paris,  1867. 
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Those  of  the  upper  lid  are  longer  and  more  numerous  than 
the  lower  cilia.  The  curve  of  the  lashes  is  from  the  eyeball. 
They  serve  to  protect  the  globe  from  dust,  and,  to  a  certain 
extent,  to  shade  the  eye. 

The  tarsal  cartilages  are  small,  elongated,  semilunar  plates, 
extending  from  the  edges  of  the  lids  toward  the  margin  of 
the  orbit.  Their  length  is  about  an  inch.  The  central  por- 
tion of  the  upper  cartilage  is  about  one-third  of  an  inch 
broad,  and  the  corresponding  portion  of  the  lower  cartilage 
measures  about  one-sixth  of  an  inch.  At  the  inner  canthus 
of  the  eye,  is  a  small,  delicate  ligament,  or  tendon,  the  tendo 
palpebrarum,  which  is  attached  to  the  lachrymal  groove  in- 
ternally, passes  outward,  and  divides  into  two  lamellae,  which 
are  attached  to  the  two  tarsal  cartilages.  At  the  outer  can- 
thus,  the  cartilages  are  attached  to  the  malar  bone  by  the  ex- 
ternal tarsal  ligament.  The  tarsal  cartilages  receive  an  addi- 
tional support  from  the  palpebral  ligament,  a  fibrous  mem- 
brane, attached  to  the  margin  of  the  orbit  and  the  convex 
border  of  the  cartilages,  and  lying  beneath  the  orbicularis 
muscle.  This  membrane  is  strongest  near  the  outer  angle  of 
the  eye. 

On  the  posterior  surface  of  the  tarsal  cartilages,  partly 
embedded  in  them  and  lying  just  beneath  the  conjunctiva, 
are  the  Meibomian  glands.  The  structure  and  functions  of 
these  glands  have  already  been  considered  in  connection  with 
secretion.1  They  produce  an  oily  fluid,  which  smears  the 
edges  of  the  eyelids  and  prevents  the  overflow  of  tears. 

Muscles  which  open  and  dose  the  Eyelids. — Leaving  out 
the  corrugator  supercilii,  which  draws  the  skin  of  the  fore- 
head downward  and  inward,  we  have  the  orbicularis  palpe- 
brarum, which  closes  the  lids,  and  the  levator  palpebrse  supe- 
rioris,  which  raises  the  upper  lid.  The  tensor  tarsi,  called 
the  muscle  of  Horner,  is  a  very  thin,  delicate  muscle,  which 
is  little  more  than  a  deep  portion  bf  the  orbicularis.    Con- 

1  See  toL  iiL,  Secretion,  p.  62. 
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sidering  this  as  a  distinct  muscle,  it  consists  of  two  delicate 
slips,  which  pass  from  either  eyelid  behind  the  lachrymal  sac, 
touting  here  to  go  to  its  attachment  at  the  posterior  portion 
of  the  lachrymal  bone.  When  this  acts  with  the  orbicularis, 
it  compresses  the  lachrymal  sac. 

The  orbicularis  palpebrarum  is  a  broad,  thin  muscle,  close- 
ly attached  to  the  skin,  surrounding  the  free  margin  of  the 
lids,  and  extending  a  short  distance  over  the  bones,  beyond 
the  margin  of  the  orbit.  This  muscle  may  be  described  as 
arising  from  the  tendo  palpebrarum,  the  surface  of  the  nasal 
process  of  the  superior  maxillary  bone,  and  the  internal  an- 
gular process  of  the  os  frontis.  From  this  origin  at  the  inner 
angle  of  the  eye,  its  fibres  pass  elliptically  around  the  fissure 
of  the  lids,  as  above  indicated.  Its  action  is  to  close  the  lids. 
In  the  ordinary,  moderate  contraction  of  this  muscle,  only 
the  upper  lid  is  moved ;  but,  in  forcible  contraction,  the  lower 
lid  moves  slightly  and  the  lids  are  drawn  toward  the  nose. 
In  facial  palsy,  or  when  the  temporo-facial  branch  of  the 
portio  dura  of  the  seventh  nerve  is  paralyzed,  this  muscle 
cannot  act,  and  it  is  impossible  to  close  the  eye. 

The  levator  palpebra  superioris  is  situated  within  the 
orbit.  It  arises  from  a  point  a  little  above  and  in  front  of 
the  optic  foramen  at  the  apex  of  the  orbit,  passes  forward 
above  the  eyeball,  and  spreads  into  a  thin  tendon,  which  is 
inserted  into  the  anterior  surface  of  the  superior  tarsal  carti- 
lage. Its  evident  action  is  to  raise  the  upper  lid.  It  is  ani- 
mated by  filaments  from  the  third  pair  of  cranial  nerves ; 
and,  when  this  nerve  is  paralyzed,  we  have  permanent  falling 
of  the  upper  lid,  or  blepharoptosis.  This  muscle  and  its  re- 
lations are  shown  in  Fig.  8,  page  131. 

In  the  act  of  opening  the  eyes,  the  levator  muscles  alone 
are  brought  into  play.  Closing  of  the  lids  is  accomplished 
by  the  orbicular  muscles.  Soth  of  these  sets  of  muscles  act 
to  a  great  extent  without  the  intervention  of  the  will.  The 
eyes  are  kept  open  almost  involuntarily,  except  in  extreme 
fatigue ;  though,  when  the  will  ceases  to  act,  the  lids  are 
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dosed.  Nevertheless  we  are  hardly  conscious  of  an  effort  in 
keeping  the  eyes  open,  in  our  waking  moments,  and  we  re- 
quire an  effort  to  dose  the  eyes.  During  sleep,  the  eyes  are 
dosed  and  the  globes  are  turned  upward.  The  contractions 
of  the  orbicular  muscles  which  take  place  in  winking  are 
usually  involuntary.  This  act  occurs  at  short  intervals,  and 
is  useful  in  spreading  the  lachrymal  secretion  over  the  ex- 
posed portions  of  the  globes.  The  action  of  both  sets  of 
muscles  is  usually  symmetrical,  though  we  may  educate  them 
so  as  to  dose  one  eye  while  the  other  is  kept  open.  The 
action  of  the  orbicularis  is  so  far  removed  from  the  control 
of  the  will,  that  when  the  surface  of  the  globe  is  touched  or 
irritated,  or  when  the  impression  of  light  produces  intense 
pain,  it  is  impossible  to  keep  the  eye  open. 

Conjunctival  Mucous  Membrcme. — The  entire  inner  sur- 
face of  the  upper  and  lower  eyelids  is  lined  by  a  mucous 
membrane,  which  is  reflected  forward  from  the  inner  periph- 
ery of  the  lids  over  the  eyeball.  The  membrane  lining  the 
lids  is  called  the  palpebral  conjunctiva,  and  that  covering 
the  eyeball,  the  ocular  conjunctiva.  The  latter  presents  a 
sclerotic  and  a  corneal  portion.  The  membrane  presents  a 
superior  and  an  inferior  fold,  where  it  is  reflected  upon  the 
globe.  In  the  superior  conjunctival  fold,  are  numerous  glan- 
dular follicles,  or  accessory  lachrymal  glands,  which  secrete  a 
certain  portion  of  the  fluid  which  moistens  the  surface  of  the 
eyeball.  These  are  generally  described  as  forming  a  portion 
of  the  lachrymal  gland.  At  the  inner  canthus,  there  is  a  ver- 
tical fold,  the  plica  semilunaris,  with  a  reddish,  spongy  eleva- 
tion at  its  inner  portion,  called  the  caruncula  lacrymalis.  The 
caruncula  presents  a  collection  of  follicular  glands,  with  a  few 
delicate  hairs  on  its  surface.  The  conjunctiva  is  continuous 
with  the  membrane  of  the  lachrymal  ducts,  the  puncta  lacry- 
malia,  and  the  Meibomian  glands.  Beneath  the  conjunctiva, 
except  in  the  corneal  portion,  is  a  loose  connective  tissue. 

The  palpebral  conjunctiva  is  reddish,  thicker  than  the 
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ocular  portion,  furrowed,  and  presents  small,  isolated  papillae 
near  the  borders  of  the  lids,  which  increase  in  number  and 
size  toward  the  folds.  This  portion  of  the  membrane  pre- 
sents large  capillary  blood-vessels  and  lymphatics,  and  is  cov- 
ered with  a  layer  of  cells  of  flattened  epithelium.  The  scle- 
rotic portion  is  thinner,  less  vascular,  and  has  no  papillae.  It 
is  covered  by  conical  and  rounded  epithelial  cells,  which  pre- 
sent from  two  to  four  layers.  Over  the  cornea,  the  epithe- 
lium of  the  sclerotic  portion  is  continued  in  delicate,  trans- 
parent layers,  without  a  distinct  basement  membrane. 

The  nerves  of  the  ocular  portion  of  the  conjunctiva  and 
the  folds  have  a  peculiar  termination  in  simple  bulbs,  ob- 
served by  Krause,  which  have  already  been  described.1  This 
appearance  of  bulbs  is  thought  by  some  to  be  artificial  and 
due  to  extravasation  of  myeline  in  making  the  prepara- 
tions ;  but  they  are  regarded  as  true  bulbs  by  many  high 
authorities." 

The  Lachrymal  Apparatus. — The  eyeball  is  constantly 
bathed  in  a  thin,  watery  fluid  which  is  secreted  by  the  lach- 
rymal gland,  is  spread  over  the  globe  by  the  movements  of 
the  lids  and  of  the  eyeball,  and  is  prevented,  under  ordinary 
conditions,  from  overflowing  upon  the  cheek,  by  the  Mei- 
bomian secretion.  The  excess  of  this  fluid  is  collected  into 
the  lachrymal  sac  and  is  carried  into  the  nose  by  the  na- 
sal duct.  The  lachrymal  gland,  the  lachrymal  canals,  duct, 
and  sac,  and  the  nasal  duct,  constitute  the  lachrymal  appa- 
ratus. 

The  lachrymal  gland  is  an  ovoid,  flattened  gland  of  the 
racemose  variety,  resembling  the  salivary  glands  in  its  gen- 
eral structure.  It  is  about  the  size  of  a  small  almond,  and  is 
lodged  in  a  shallow  depression  in  the  bones  of  the  orbit  at  its 
upper  and  outer  portion.    It  is  closely  attached  to  the  perios- 

1  See  vol.  iv.,  Nervous  System,  p.  42. 

*  Strickkk,  Manual  of  Human  and  Comparative  Histology >  The  New  Syden- 
ham Society,  London,  1873,  vol.  iil,  p.  453,  el  $eq. 
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team  by  its  upper  surface,  and  is  moulded  below  to  the  con- 
vexity of  the  globe.  Its  anterior  portion  is  separated  from 
the  rest  by  a  well-marked  groove,  is  comparatively  thin,  and 
adheres  to  the  upper  lid.  It  presents  from  six  to  eight,  usu- 
ally seven,  ducts,  which  form  a  row  of  openings  into  the  con- 
junctival fold.  Five  or  six  of  these  orifices  are  situated  above 
the  outer  canthus  and  two  or  three  open  below.  In  its  mi- 
nute structure,  this  gland  presents  no  points  of  special  physi- 
ological interest  as  distinguished  from  the  ordinary  racemose 
glands.  It  receives  nervous  filaments  from  the  fifth  cranial 
nerve  and  the  sympathetic. 

The  apparatus  by  which  the  excess  of  tears  is  conducted 
into  the  nose  begins  by  two  little  points,  situated  on  the  mar- 
gin of  the  upper  and  the  lower  lid,  near  the  inner  canthus, 
called  the  puncta  lacrymalia,  which  present  each  a  minute 
orifice.  These  points  lead  respectively  into  the  upper  and 
the  lower  lachrymal  canals,  which  together  surround  the  ca- 
rnncula  lacrymalis.  At  the  innet  angle,  just  beyond  the  ca- 
runcula,  the  two  canals  join,  to  empty  into  the  lachrymal  sac, 
which  is  the  dilated  upper  extremity  of  the  nasal  duct.  The 
duct  is  about  half  an  inch  in  length,  and  empties  into  the 
inferior  meatus  of  the  nose,  taking  a  direction  nearly  vertical, 
inclined  slightly  outward  and  backward.  This  portion  of 
the  lachrymal  apparatus  is  fibrous  and  is  lined  by  a  reddish 
mucous  membrane,  which  presents  several  well-marked  folds. 
Near  the  puncta,  are  two  folds,  one  for  each  lachrymal  canal 
Another  pair  of  folds  exists  near  the  horizontal  portions  of 
the  canals.  At  the  opening  of  the  duct  into  the  nose,  is  an 
overhanging  fold  of  the  nasal  mucous  membrane.  These 
folds  are  supposed  to  prevent  the  reflux  of  fluid  from  the 
lachrymal  canals  and  the  entrance  of  air  from  the  nose.  The 
mucous  membrane  of  the  lachrymal  canals  is  covered  by  a 
flattened  epithelium,  like  that  of  the  conjunctiva.  The  lach- 
rymal sac  and  duct  are  lined  by  a  continuation  of  the  ciliated 
epithelium  of  the  nose.    The  disposition  of  the  apparatus 

just  described  is  shown  in  Fig.  9. 
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The  Tears. — The  secretion  of  the  lachrymal  glands  is 
constant,  though  the  quantity  of  fluid  may  be  increased  un- 
der various  conditions.    The  actual  amount  of  the  secretion 
has  never  been  estimated.    Dur- 
ria.  t.  ing  sleep,  it  is  much  diminished ; 

and,  when  the  eyes  are  open,  the 
quantity  is  just  sufficient  to  mois- 
ten the  eyeball,  the  excess  being 
carried  into  the  nose  so  gradually 
that  this  process  is  not  appreci- 
ated. That  this  drainage  of  the 
excess  of  tears  takes  place  is 
shown  by  cases  of  obstruction  of 
the  nasal  duct,  when  the  liquid  con- 
stantly overflows  upon  the  cheeks, 
producing    considerable    inconve- 

L*rhr,-mil  cuak,  iHtmu!  no,  mi      nienCe. 
qui!  ciajil,  opausd  by  tin" 


The  mechanism  of  the  action 
?  K^KuTmS  E*$£S    of  the  excretory  lachrymal  appa- 
""""  "    H;  a,  ■  'umiiu     ratuB  is  quite  simple,  though  it  has 
'(Sir™,  ivaiM    been  the  subject  of  a  good  deal  of 
p.  i«.j  h      '  discussion.    It  is  probable  that  the 

openings  at  the  puncta  lacryma- 
lia  take  up  the  liquid  like  delicate  pipettes,  this  action  being 
aided  by  the  movements  in  winking,  by  which,  when  the 
lids,  are  closed,  the  points  are  compressed  and  turned  back- 
ward, opening  and  drawing  in  the  tears  when  the  lids  are 
opened.  It  is  possible  that  the  lachrymal  sac  is  compressed 
in  the  act  of  winking,  by  the  contractions  of  the  muscle  of 
Horner,  and  that  this,  while  it  empties  the  sac,  may,  in  the 
subsequent  relaxation,  assist  the  introduction  of  liquid  from 
the  orbit. 

We  know  very  little  with  regard  to  the  chemical  compo- 
sition of  the  tears,  beyond  the  analysis  made  many  years  ago 
by  Frerichs.  According  to  this  observer,  the  following  ia 
the  composition  of  the  lachrymal  secretion : 
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Corrvposition  of  the  Tears.1 

Water t 990*60 

Epithelium 1*40 

Albumen 0*80 

Chloride  of  sodium, 
Alkaline  phosphates, 

Earthy  phosphates,      > 720 

Mucus, 
Fat, 


to  987*00 
"  8-20 
"  1-00 


M 


8*80 


1000-00 


1000-00 


The  specific  gravity  of  the  tears  has  never  been  ascer- 
tained. The  liqtlid  is  perfectly  clear,  colorless,  of  a  saltish 
taste  and  a  feebly  alkaline  reaction.  The  albumen  given  in 
the  table  is  called  by  some  authors*  lachiymine,  tbraenine,  or 
dacryoline.'  This  substance,  whatever  it  may  be  called,  re- 
sembles mucus  in  many  regards,  and  is  probably  secreted  by 
the  conjunctiva  and  not  by  the  lachrymal  glands.  It  difEers 
from  ordinary  mucus  in  being  coagulated  by  water.' 

The  secretion  of  tears  is  readily  influenced  through  the 
nervous  system.  Aside  from  the  increased  flow  of  this  secre- 
tion from  emotional  causes,  which  probably  operate  through 
the  sympathetic,  a  hypersecretion  almost  immediately  follows 
irritation  of  the  mucous  membrane  of  the  conjunctiva  or  of 
the  nose.  The  same  result  follows  violent  muscular  effort, 
laughing,  coughing,  sneezing,  etc.  The  secretion  of  tears 
under  stimulation  of  the  mucous  membrane  is  reflex.  A 
number  of  years  ago,  Magendie  transfixed  with  a  needle 
the  lachrymal  nerve  in  a  man,  and  passed  through  it  a  feeble 
galvanic  current,  producing  an  excessive  flow  of  tears.4  The 
action  in  this  case  was  undoubtedly  reflex. 

1  Fbxeicbb,  TTtrfaaniecrefion,  in  Wagner,  EandwdrUrbueh  dot  FhyMogU, 
Biaimschweig,.1846,  Bd.  ill,  Erste  Abtheilung,  &  618. 

'  Eobih  r  YjounuL,  Chimie  anatomique,  Paris,  1858,  tome  ill,  p.  452. 

*  See  toL  iii,  Secretion,  p.  56. 

4  MiaEiront,  PticU  UhneiUair*  de  pkytkJogie^  Paris,  1886,  tome  L,  p.  69, 
note. 
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ATOITOBY  NEEYE8 — TOPOGRAPHICAL  ANATOMY  OF  THE  EAB. 

Physiological  anatomy  of  the  auditory  nerves— General  properties  of  the  audi- 
tory nerves — Effects  of  galvanic*  currents  passed  through  the  ear — Topo- 
graphical anatomy  of  the  parts  essential  to  the  appreciation  of  sound — The 
external  ear — General  arrangement  of  the  parts  composing  the  middle  ear 
— Anatomy  of  the  tympanum — Arrangement  of  the  ossicles  of  the  ear — 
Muscles  of  the  middle  ear-— Mastoid  cells — Eustachian  tube— Muscles  of 
the  Eustachian  tube— Mucous  membrane  of  the  middle  ear  and  of  the  Eu- 
stachian tube — General  arrangement  of  the  bony  labyrinth. 

The  general  considerations  introductory  to  the  study  of 
vision  are  equally  applicable  to  the  physiology  of  hearing. 
The  impressions  of  sound  are  conveyed  to  the  brain  by  spe- 
cial nerves ;  but,  in  order  that  these  impressions  shall  reach 
these  nerves  so  as  to  be  properly  appreciated,  a  complex  ac- 
cessory apparatus  is  required,  the  integrity  of  which  is  essen- 
tial to  perfect  audition.  The  study  of  the  arrangement  and 
action  of  these  accessory  parts  is  even  more  important  and  is 
far  more  intricate  than  the  study  of  the  auditory  nerves. 
The  latter  simply  convey  the  impressions  to  the  brain,  by  a 
mechanism  analogous  to  that  of  general  nervous  conduction, 
the  essential  character  of  which  is  not  fully  understood.  The 
auditory  nerves  conduct  impressions  of  sound,  as  the  optic 
nerves  conduct  impressions  of  light ;  and  this  statement  ex- 
presses the  extent  of  our  positive  knowledge ;  but  there  is  an 
elaborate  apparatus  by  which  the  waves  are  collected,  con- 
veyed to  a  membrane  capable  of  vibration,  and  finally  car- 
ried to  the  nerves,  by  which  we  are  enabled  to  appreciate 
the  intensity  and  the  varied  qualities  of  sound. 

Our  positive  and  definite  knowledge  of  the  auditory  ap- 
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paratofl  is  by  no  means  so  complete  as  it  is  with  regard  to  the 
eye,  nor  do  we  as  yet  understand  so  clearly  the  physiological 
relations  of  many  points  developed  by  late  anatomical  re- 
searches ;  and,  for  this  reason,  it  does  not  seem  desirable  to 
consider  the  structure  of  the  ear  as  fully  as  we  have  the 
anatomy  of  the  eye,  restricting  ourselves,  as  we  have  done, 
to  the  physiological  anatomy  of  parts.  With  this  end  in 
view,  we  shall  take  up  fully  the  following  points : 

1.  The  physiological  anatomy  and  the  general  properties 
of  the  auditory  nerves 

2.  The  physiological  anatomy  of  the  parts  essential  to 
the  correct  appreciation  of  sound. 

3.  The  laws  of  the  propagation  of  sonorous  vibrations,  as 
far  as  they  are  applicable  to  audition. 

4.  The  physiological  action  of  different  parts  of  the  au- 
ditory apparatus. 

Physiological  Anatomy  of  the  Auditory  Nerves. — The 
auditory  nerve  constitutes  the  portio  mollis  of  the  seventh 
pair  of  Willis.  The  origin  of  this  nerve  can  easily  be  traced 
to  the  floor  of  the  fourth  ventricle,  where  it  presents  two 
roots.  The  external,  or  superficial  root,  sometimes  called  the 
posterior  root,  can  be  seen  usually  without  preparation.  This 
consists  of  from  five  to  seven  grayish  filaments,  which  decus- 
sate in  the  median  line,  and  pass  outward,  winding  from  the 
fourth  ventricle  around  the  restif orm  body.  The  deep  root 
consists  of  numerous  distinct  filaments,  arising  from  the  gray 
matter  of  the  fourth  ventricle,  two  or  three  of  which  pass  to 
the  median  line  to  decussate  with  corresponding  filaments  of 
the  opposite  side.  This  root  passes  around  the  restiform 
oody  inward,  so  that  this  portion  of  the  medulla  is  encircled, 
as  it  were,  by  the  two  roots.  Passing  from  the  superior  and 
lateral  portion  of  the  medulla  oblongata,  the  trunk  of  the 
nerve  is  applied  to  the  superior  and  anterior  surface  of  the 
facial  It  then  passes  around  the  middle  peduncle  of  the 
cerebellum,  and  receives  a  process  from  the  arachnoid  mem- 


148  SPECIAL  SENSES. 

brane,  which  envelops  it  in  a  common  sheath  with  the  facial. 
It  then  penetrates  the  internal  auditory  meatus.  In  its  course, 
it  receives  filaments  from  the  restif orm  body,  and  possibly 
from  the  pons  Varolii.  Within  the  meatus,  the  nerve  divides 
into  an  anterior  and  a  posterior  branch,  the  anterior  being 
distributed  to  the  cochlea,  and  the  posterior,  to  the  vestibule 
and  semicircular  canals.  The  distribution  of  these  branches 
will  be  fully  described  in  connection  with  the  anatomy  of  the 
internal  ear. 

The  color  of  the  auditory  nerve  is  grayish,  and  its  con- 
sistence is  soft,  thus  differing  from  the  ordinary  cerebro-spinal 
nerves,  and  resembling,  to  a  certain  extent,  the  other  nerves 
of  special  sense.  On  the  external,  or  superficial  root,  is  a 
small  gangliof orm  enlargement,  containing  fusiform  nerve- 
cells.  According  to  the  latest  researches,  the  filaments  of  the 
trunk  of  this  nerve  consist  of  very  large  axis-cylinders,  sur- 
rounded by  a  medullary  sheath,  but  having  no  tubular  mem- 
brane. In  the  course  of  these  fibres,  are  found  small,  nu- 
cleated ganglionic  enlargements.1 

General  Properties  of  the  Auditory  Nerves. — There  can 
be  no  doubt,  as  regards  the  portio  mollis  of  the  seventh,  that 
it  is  the  only  nerve  capable  of  receiving  and  conveying  to  the 
brain  the  special  impressions  produced  by  waves  of  sound ; 
but  it  is  an  interesting  question  to  determine,  whether  this 
nerve  be  endowed  also  with  general  sensibility.  Analogy 
with  most  of  the  other  nerves  of  special  sense  would  indi- 
cate that  the  auditory  nerves  are  insensible  to  ordinary  im- 
pressions ;  and  this  view  is  sustained  by  direct  experiments, 
made  many  years  ago.  Magendie  exposed,  in  a  rabbit,  the 
trunk  of  the  fifth,  and  the  auditory  nerve,  "  and,  whenever 
the  fifth  pair  was  touched  as  lightly  as  possible,  there  was 
evidence  of  the  most  acute  sensibility,  while  the  animal  was 
passive  when  the  auditory  was  touched,  pressed,  or  even 

1  Waldctir,  in  Stricker,  Manual  of  Human  and  Comparative  Histology^ 
The  New  Sydenham  Society,  London,  1878,  voL  ill,  p.  169. 
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torn." '  Analogous  observations  have  been  made  by  Valen- 
tin '  and  by  Schiff ; *  but,  in  opposition  to  these,  is  a  state- 
ment by  Brown-S6quard,  that  the  degree  of  pain  produced 
by  excitation  of  the  auditory  nerve  "  appears  to  be  as  con- 
siderable as  that  caused  by  a  similar  excitation  of  the  tri- 
geminal nerve."  *  This  bare  assertion,  however,  we  can 
hardly  accept  in  opposition  to  the  clear  results  of  previous 
experiments  ancj  the  analogy  with  observations  upon  the  other 
nerves  of  special  sense. 

The  phenomena  observed  during  the  passage  of  galvanic 
currents  through  the  auditory  nerves  have,  of  late  years, 
been  the  subject  of  much  discussion.  The  old  experiment 
of  Volta,*  which  was  almost  immediately  confirmed  by  Hit- 
ter,* is  sufficiently  familiar,  and  is  often  quoted  as  showing 
that  galvanic  stimulation  of  these  nerves  produces  a  sensa- 
tion of  sound;  but  the  facts  ascertained  leave  room  for 
doubt  with  regard  to  the  precise  mode  of  action  of  the  cur- 
rent A  careful  study  of  recent  observations  on  this  point 
renders  the  question  even  more  obscure ;  but,  from  a  purely 
physiological  point  of  view,  we  have  only  to  do  with  the 
effects  of  stimulating  the  auditory  nerves  in  health.  Leav- 
ing the  therapeutic  and  diagnostic  uses  of  galvanism  out  of 
the  question,  we  find  that  there  is  considerable  uncertainty 
with  regard  to  the  fact  of  direct  stimulation  of  the  auditory 
nerves,  in  the  recent  experiments  with  the  galvanic  current. 
Brenner  observed  strong  sensations  of  sound  with  one  of  the 
poles  of  a  battery  in  the  auditory  passage  filled  with  water 

1  Magendie,  Suite  dee  experiences  sur  les  foncHons  de  la  cinqvihne  poire  de 
nerfs. — Journal  de  physiologic,  Paris,  1824,  tome  !y.,  p.  814. 

1  Valentin,  Lehrbuch  der  Physiologie,  Braunschweig,  1844,  Bd.  iL,  S.  678. 

»  Schiff,  Lehrbuch  der  Physiologic  Lahr,  185&-'59,  Bd.  L,  S.  899. 

4  Brown-Skquard,  Experimental  Researches  applied  to  Physiology  and  Pathol- 
ogy, New  York,  1858,  p.  100. 

8  Volta,  On  the  Electricity  excited  by  the  mere  Contact  of  conducting  Sub- 
stances of  different  kind*.— Philosophical  Transactions,  London,  1800,  p.  427. 

*  Bitter,  Versuche  und  Bemerkungen  uber  den  Oalvanismus  der  Voltaischsn 
Batterie.—Annalen  der  Physik,  Halle,  1801,  Bd.  vii.,  &  468,  et  seq. 
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and  the  other  connected  with  different  parts  of  the  body.1 
When  the  cathode  was  placed  in  the  ear,  the  sound  was  heard 
at  the  making  of  the  current.  With  the  anode  in  the  ear, 
there  was  no  sound  at  the  making  of  the  current  or  during 
its  passage,  but  a  slight  sound  was  heard  at  the  breaking  of 
the  current.  These  phenomena  closely  resemble  those  pro- 
duced by  the  galvanic  current  applied  to  ordinary  motor 
nerves,  in  so  far  as  the  action  seemed  to  be  most  vigorous  at 
the  making  of  the  circuit,  with  the  direct  current,  and  at 
the  breaking  of  the  circuit,  with  the  inverse  current ;  for, 
when  the  cathode  is  placed  in  the  ear,  the  current  is  direct, 
following  the  course  of  the  nerve  from  the  centre  to  the 
periphery,  and  vice  versa.  In  view  of  the  fact  that  some 
writers  attribute  the  subjective  auditory  phenomena  ob- 
served by  Brenner  to  stimulation  of  branches  of  the  facial, 
and,  through  this  nerve,  to  the  action  of  the  muscles  of  the 
middle  ear,  it  is  interesting,  in  this  connection,  to  refer  to 
the  experiments  of  Chauveau  upon  the  action  of  the  direct 
and  the  inverse  current  upon  the  facial.*  Without  following 
out  the  discussion  of  this  question  in  detail,  it  seems  only 
necessary  to  study  the  very  clear  and  satisfactory  experiments 
of  Wreden,  to  become  convinced  that  the  subjective  auditory 
phenomena,  attributed  by  Brenner  and  others  to  irritation  of 
the  auditory  nerves,  are  due  to  contraction  of  the  muscles  of 
the  middle  ear,  particularly  the  stapedius.  The  facts,  clinical 
and  experimental,  upon  which  this  view  is  based,  are  the  fol- 
lowing :  In  cases  of  clonic  spasm  of  the  stapedius,  sensations 
of  sound  have  been  observed,  exactly  like  those  produced  by 
an  induced  current.  In  cases  of  complete  facial  paralysis  from 
otitis,  in  which  paralysis  of  the  auditory  nerve  could  be  posi- 
tively excluded,  it  was  not  possible  to  produce  subjective  au- 
ditory sensations,  even  by  powerful  galvanization  by  a  catho- 


1  Brenner,  Zur  JBUktrophyriologie  und  EUktropcUhologie  da  Nchmm 
— #.  Petenbutyer  medicinische  Zetechrifl,  St  Petersburg,  1868,  Bd.  hrn  S.  286, 

9  See  voL  lrn  Nervous  System,  p.  lift. 
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ter  passed  through  the  Eustachian  tube  into  the  tympanic 
cavity,  or  by  the  external  meatus.  In  addition,  there  are 
other  well-established  clinical  observations,  mentioned  by 
Wreden,  which  sustain  the  theory  of  muscular  contraction, 
and  are  opposed  to  the  idea  of  direct  stimulation  of  the  au- 
ditory nerves.1 

The  facts  just  stated  show  that  there  is  no  positive  evi- 
dence of  the  production  of  impressions  of  sound  by  gal- 
vanic stimulation  of  the  auditory  nerves ;  while  it  appears, 
from  experiments  which  we  have  already  cited,  that  these 
nerves  are  not  endowed  with  general  sensibility.  The  re- 
sults, then,  as  regards  the  auditory  nerves,  are  simply  nega- 
tive. Were  it  possible  to  expose  these  nerves  to  mechanical 
or  galvanic  stimulation,  in.  the  human  subject,  without  in- 
volving other  parts,  we  might  arrive  at  some  definite  conclu- 
sion ;  but  the  difficulties  in  the  way  of  such  an  experiment, 
it  must  be  admitted,  have  thus  far  proved  insurmountable. 

Topographical  Anatomy  of  the  Parts  essential  to  the  Appro- 

ciationof  Sovmd. 

Perfect  audition  requires  the  anatomical  integrity  of  a 
very  complex  apparatus,  which,  for  convenience  of  anatom- 
ical description,  may  be  divided  into  the  external,  middle, 
and  internal  ear.  A  correct  appreciation  of  the  physiology 
of  these  parts  demands,  as  a  necessary  preparation,  a  knowl- 
edge of  their  physiological  anatomy : 

1.  The  external  ear  includes  the  pinna  and  the  external 

1  Wreden,  BeUr&ge  tur  Begrundung  einer  Lehre  tiber  die  eUktriache  Reixwng 
der  Binnenmuekdn  dee  Ohre*.—St.  PeUreburger  medicinische  ZeUechrift,  St  Pe- 
tersburg, 1871,  Neue  Folge,  Bd.  iL,  S.  440. 

A  very  full  review  of  the  literature  of  this  subject,  with  copious  references, 
Is  given  by  Wreden  (Mn  Fall  von  Verbrennung  der  PaukenhShle,  etc. — St.  Pe- 
tereburger  mtdicmieche  Zeitechrift,  St  Petersburg,  1871,  Neue  Folge,  Bd.  i.,  Se- 
paratabdrnck,  S.  86,  et  seq.)  A  reply,  by  Schwartze,  to  the  experiments  and 
conclusions  of  Brenner  is  published  in  the  Archiv  ftir  OhrcnheiUcunde,  Wurtz- 
burg,  1864,  Bd.  L,  S.  44,  et  seq.  ;  and  a  review  of  Brenner's  theory  and  the  reply 
of  Schwartze  was  published  by  Hagen,  in  1866.  (Praktuche  Beitrtige  tut  Ohren- 
keilkunde,  Leipzig,  1866.) 
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auditory  meatus,  which  is  closed  internally  by  the  membrana 
tympani. 

2.  The  middle  ear  includes  the  cavity  of  the  tympanum, 
or  dram,  with  its  boundaries.  The  parts  here  to  be  described 
are,  the  membrana  tympani,  the  £ arm  of  the  tympanic  cavity, 
its  openings,  its  lining  membrane,  and  the  small  bones  of  the 
ear,  or  ossicles,  with  their  ligaments,  muscles,  and  nerves. 
The  cavity  of  the  tympanum  communicates,  by  the  En- 
stachian  tube,  with  the  pharynx  and  also  presents  openings 
into  the  mastoid  cells. 

3.  The  internal  ear  contains  the  terminal  filaments  of  the 
auditory  nerve.  It  includes  the  vestibule,  the  three  semi- 
circular canals,  and  the  cochlea,  which  together  form  the 
labyrinth. 

The  pinna  and  the  external  meatus  simply  conduct  the 
waves  of  sound  to  the  tympanum.  The  parts  entering  into 
the  structure  of  the  middle  ear  are  accessory,  and  are  analo- 
gous, in  their  functions,  to  the  refracting  nledia  of  the  eye. 
Structures  contained  in  the  labyrinth  constitute  the  true 
sensory  organ ;  and  these  bear  the  same  relations  to  the  au- 
ditory apparatus  as  the  retina  to  the  eye. 

The  External  Ear. — It  is  hardly  necessary  to  our  purpose 
to  describe  very  minutely  the  external  ear.  The  pinna,  or 
auricle,  is  that  portion  projecting  from  the  head,  which  first 
receives  the  waves  of  sound.  Beginning  externally,  we  have 
the  helix,  which  is  the  outer  ridge  of  the  pinna.  Just 
within  this,  is  a  groove,  called  the  fossa  of  the  helix.  This 
fossa  is  bounded  anteriorly  by  a  prominent  but  shorter 
ridge,  called  the  antihelix ;  and  above  the  concha,  between 
the  superior  portion  of  the  antihelix  and  the  anterior  portion 
of  the  helix,  is  a  shallow  fossa,  called  the  fossa  of  the  anti- 
helix. The  deep  fossa,  immediately  surrounding  the  open- 
ing of  the  meatus,  is  called  the  concha.  A  small  lobe  pro- 
jects posteriorly,  covering  the  anterior  portion  of  the  concha, 
and  is  called  the  tragus ;  and  the  projection  at  the  lower  ex- 
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tremity  of  the  antihelix  is  called  the  antitragas.  The  fleshy, 
dependent  portion  of  the  pinna  is  called  the  lobule  of  the  ear. 

The  form  of  the  pinna  and  its  consistence  depend  upon 
the  presence  of  fibro-cartilage,  which  occupies  the  whole  of 
the  external  ear  except  the  lobule.  This  structure  has  al- 
ready been  described  in  another  volume.1 

The  integument  covering  the  ear  does  not  vary  much 
from  the  integument  of  the  general  surface.  It  is  thin, 
closely  attached  to  the  subjacent  parts,  and  possesses  small, 
rudimentary  hairs,  with  sudoriparous  and  sebaceous  glands. 

The  muscles  of  the  ear  are  not  important  in  the  human 
subject ;  and,  excluding  a  few  exceptional  cases,  they  are  not 
under  the  control  of  the  will.  The  extrinsic  muscles  are  the 
superior,  or  attolens,  the  anterior,  or  attrahens,  and  the  pos- 
terior, or  retrahens  auri.  In  addition,  there  are  the  six  small 
intrinsic  muscles,  situated  between  the  ridges  upon  the  car- 
tilaginous surface.  The  pinna  is  attached  to  the  sides  of  the 
head  by  two  distinct  ligaments  and  a  few  delicate  ligamen- 
tous fibres. 

The  external  auditory  meatus  is  about  an  inch  and  a 
quarter  in  length,  and  extends  from  the  concha  to  the  mem- 
brana  tympani.  Its  course  is  somewhat  tortuous.  Passing 
from  without  inward,  its  direction  is  at  first  somewhat  up- 
ward, turning  abruptly  over  a  bony  prominence  near  the 
middle,  from  which  it  has  a  slightly  downward  direction  to 
the  membrana  tympani.  Its  general  course  is  from  without 
inward  and  slightly  forward.  The  inner  termination  of  the 
canal  is  the  membrana  tympani,  which  is  quite  oblique,  the 
upper  portion  being  inclined  outward,  so  that  the  inferior 
wall  of  the  meatus  is  considerably  longer  than  the  superior. 

The  walls  of  the  external  meatus  are  partly  cartilaginous 
and  fibro^  and  partly  bony.  The  cardlSos^dlbroua 
portion  occupies  a  little  less  than  half  of  the  entire  length, 
and  consists  of  a  continuation  of  the  cartilage  of  the  pinna 
with  fibrous  tissue.    About  the  lower  two-thirds  of  this  por- 

1  See  toL  iii.,  Movements,  p.  488. 
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tion  of  the  canal  is  cartilaginous,  the  upper  third  being 
fibrous.  The  rest  of  the  tube  is  osseous,  and  is  a  little  longer 
and  narrower  than  the  cartilaginous  portion.  Around  the 
inner  extremity  of  the  canal,  with  the  exception  of  its  supe- 
rior portion,  is  a  narrow  groove,  which  receives  the  greater 
portion  of  the  margin  of  the  membrana  tympani. 

The  skin  of  the  external  meatus  is  continuous  with  the 
integument  covering  the  pinna.  It  is  very  delicate,  becom- 
ing thinner  from  without  inward.  In  the  osseous  portion,  it 
adheres  very  closely  to  the  periosteum,  and,  at  the  bottom  of 
the  canal,  it  is  reflected  over  the  membrana  tympani,  forming 
its  outer  layer.  In  the  cartilaginous  and  fibrous  portion,  are 
numerous  short,  stiff  hairs,  with  sebaceous  glands  attached  to 
their  follicles,  and  the  coiled  tubes  known  as  the  ceruminous 
glands.  The  structure  of  these  glands  and  the  properties 
and  composition  of  the  cerumen  have  already  been  described 
under  the  head  of  secretion.1 

General  Arrangement  of  the  Part*  composing  the  Middle 
Ear. — Without  a  very  elaborate  and  minute  anatomical  de- 
scription, fully  illustrated  by  plates,  it  is  difficult  to  give  a 
clear  idea  of  the  structure  and  relations  of  the  very  complex 
apparatus  of  the  middle  and  the  internal  ear.  Such  a  mi- 
nute and  purely  anatomical  description  would  be  out  of  place 
in  this  work,  where  it  is  desired  only  to  give  such  an  account 
of  the  anatomy  as  will  enable  the  student  to  comprehend  the 
physiology  of  the  ear,  reserving  for  special  description  cer- 
tain of  the  most  important  structures.  In  beginning  the  dif- 
ficult task  of  describing  the  physiological  anatomy  of  the 
middle  and  internal  ear,  it  will  be  convenient  to  give  a  gen- 
eral outline  of  the  different  parts,  with  their  names.  This, 
with  a  careful  study  of  Figs.  10, 11, 12,  and  13,  can  hardly 
fail  to  greatly  facilitate  the  closer  investigation  of  the  more 
important  structures. 

The  arrangement  of  the  parts  constituting  the  external 

1  See  voL  iii.,  Secretion,  pp.  60,  69. 
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ear  is  sufficiently  simple.  The  middle  ear  presents  a  narrow 
cavity,  Fig.  10,  (11),  of  irregular  shape,  situated  between  the 
external  ear  and  the  labyrinth,  in  the  substance  of  the  tem- 
poral bone.  The  general  arrangement  of  its  parts  is  shown 
in  Fig.  10.  The  outer  wall  of  the  tympanic  cavity  is  formed 
by  the  membrana  tympani,  Fig.  10,  (6).  This  membrane  is 
concave,  its  concavity  looking  outward,  and  oblique,  inclining 
usually  at  an  angle  of  about  forty-five  degrees  with  the  per- 
pendicular. This  angle,  however,  varies  considerably  in  dif- 
ferent individuals.    The  roof  is  formed  by  an  exceedingly 
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thin  plate  of  bone.  The  floor  is  bony,  and  is  much  narrower 
than  the  roof.  The  inner  wall,  separating  the  tympanic 
cavity  from  the  labyrinth,  is  irregolar,  presenting  several 
small  elevations  and  foramina.  The  fenestra  ovalis,  an  oroid 
opening  near  its  upper  portion,  leads  to  the  cavity  of  the 
vestibule.  This  is  closed,  in  the  natural  state,  by  the  base  of 
the  stapes  and  its  annular  ligament.    Below,  is  a  smaller, 
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the  outside;  cu,  malleus;  6,  Incus;  o,  stapes.  (Quadi,  EUmtrU*  of  Anatomy ,  London, 
1667,  VOL  1L,  p.  748.) 

ovoid  opening,  the  fenestra  rotunda,  which  leads  to  the 
cochlea.  This  is  closed,  in  the  natural  state,  by  a  membrane, 
called  the  secondary  membrana  tympanL  In  addition,  the 
posterior  wall  presents  several  small  foramina  leading  to  the 
mastoid  cells,  which  are  lined  by  a  continuation  of  the  mu- 
cous membrane  of  the  tympanic  cavity.  The  tympanic  eav- 
ity  also  presents  an  opening  leading  to  the  Eustachian  tube, 
and  a  small  foramen,  which  gives  passage  to  the  tendon  of 
the  stapedius  muscle.  The  Eustachian  tube  extends  from 
the  upper  part  of  the  pharynx  to  the  tympanum. 
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The  small  bones  of  the  ear  are  three  in  number ;  *  the 
incus,  the  malleus,  and  the  stapes,  forming  a  chain,  connected 
together  by  ligaments  (Fig.  11).  These  bones  are  situated 
in  the  upper  part  of  the  tympanic  cavity.  The  handle  of 
the  malleus.  (A,  2,  Fig.  lit  is  closely  attached  to  the  mem- 
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brana  tympani,  and  the  long  process  (A,  8,  Fig.  11)  is  at- 
tached to  the  Glaseerian  fissure  of  the  temporal  bone.  The 
malleus  is  articulated  with  the  incus.  The  incus  (B,  Fig.  11) 
is  connected  with  the  posterior  wall  of  the  tympanic  cavity, 
near  the  openings  of  the  mastoid  cells.    It  is  articulated 

1  In  addition  to  the  three  bones  ordinarily  enumerated,  Sappey,  in  the  last 
edition  of  his  work  on  anatomy,  describes  a  very  small  bone,  the  lenticular 
bone,  situated  between  the  malleus  and  the  stapes ;  bat  this  U  usually  con- 
solidated with  the  malleus,  though  it  is  sometimes  united  with  the  stapes,  and 
ii  sometimes  distinct  (Sirrar,  Traiit  d'anatomU,  Paris,  1811,  tome  iii,  p. 
811.) 
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with  the  malleus,  and,  by  the  extremity  of  its  long  process 
(B,  2,  Fig.  11),  with  the  stapes.  The  stapes  (C,  Fig.  11)  is 
the  most  internal  bone  of  the  middle  ear.  It  is  articulated 
by  its  smaller  extremity  with  the  long  process  of  the  incus. 
Its  base  is  oval  (C*,  Fig.  11)  and,  with  its  annular  ligament, 
is  applied  to  the  fenestra  ovalis.  The  direction  of  the  stapes 
is  nearly  at  a  right  angle  with  the  long  process  of  the  incus 
in  the  natural  state  (8,  Fig.  12). 

There  are  three  well-defined  muscles  connected  with  the 
middle  ear.  Of  these,  two  are  attached  to  the  malleus,  and 
one,  to  the  stapes. 

The  largest  of  the  three  muscles  is  the  tensor  tympani, 
called  sometimes  the  internal  muscle  of  the  malleus.  Its 
fibres  arise  from  the  cartilaginous  portion  of  the  Eustachian 
tube,  the  spinous  process  of  the  sphenoid  bone,  and  the  adja- 
cent portion  of  the  temporal.  From  this  origin,  it  passes 
backward,  almost  horizontally,  to  the  tympanic  cavity.  In 
front  of  the  fenestra  'ovalis,  it  turns,  nearly  at  a  right  angle, 
over  a  bony  process,  and  its  tendon  is  inserted  into  the  han- 
dle of  the  malleus  at  its  inner  surface  near  the  root.  The 
tendon  is  very  delicate,  and  the  muscular  portion  is  about 
half  an  inch  in  length  (10,  Fig.  10).  The  muscle  and  its 
tendon  are  enclosed  in  a  distinct  fibrous  sheath.  The  action 
of  this  muscle  is  to  draw  the  handle  of  the  malleus  inward, 
pressing  the  base  of  the  stapes  against  the  membrane  of  the 
fenestra  ovalis,  and  producing  tension  of  the  membrana  tym- 
pani The  fibres  of  this,  and  of  all  the  muscles  of  the  ear, 
are  of  the  striated  variety.  The  tensor  tympani  is  supplied 
with  motor  filaments  from  the  otic  ganglion,  which  are  prob- 
ably derived  from  the  facial  nerve.1 

The  laxator  tympani,  the  external  muscle  of  the  malleus, 
arises  from  the  spinous  process  of  the  sphenoid  bone  and,  by 
a  few  filaments,  from  the  cartilaginous  portion  of  the  Eusta- 
chian tube.  It  passes  backward,  through  the  Glasserian  fis- 
sure, to  be  inserted  into  the  neck  of  the  malleus,  being  en- 

1  See  vol.  iv.,  Nervous  System,  p.  420. 
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closed,  in  its  course,  in  a  fibrous  sheath.  The  laxator  tym- 
pani  is  generally  believed  to  be  muscular,  though  some  au- 
thorities deny  that  it  is  composed  of  true  muscular  fibres.  Its 
action  would  be  to  draw  the  malleus  forward  and  outward, 
producing  relaxation  of  the  membrana  tympani.  It  is  not 
definitely  known  from  what  nerve  this  muscle  derives  its 
motor  filaments. 

The  stapedius  muscle  is  situated  in  the  descending  por- 
tion of  the  aqueductus  Fallopii  and  in  the  cavity  of  the  pyra- 
mid on  the  posterior  wall  of  the  tympanic  cavity.  Its  ten- 
don emerges  from  a  foramen  at  the  summit  of  the  pyramid. 
In  the  canal  in  which  this  muscle  is  lodged,  its  direction  is 
upward  and  vertical.  At  the  summit  of  the  pyramid,  it  turns 
at  nearly  a  right  angle,  its  tendon  passing  horizontally  for- 
ward to  be  attached  to  the  head  of  the  stapes.  Like  the 
other  muscles  of  the  ear,  this  is  enveloped  in  a  fibrous  sheath. 
Its  action  is  to  draw  the  head  of  the  stapes  backward,  relax- 
ing the  membrana  tympani.  This  muscle  receives  filaments 
from  the  facial  nerve  by  a  distinct  branch,  the  tympanic.1 

The  posterior  wall  of  the  tympanic  cavity  presents  sev- 
*  eral  foramina  which  open  directly  into  numerous  irregularly- 
shaped  cavities,  communicating  freely  with  each  other,  in  the 
mastoid  process  of  the  temporal  bone.  These  are  called  the 
mastoid  cells.  They  are  lined  by  a  continuation  of  the  mu- 
cous membrane  of  the  tympanum.  There  is,  under  certain 
conditions,  a  free  circulation  of  air  between  the  pharynx  and 
the  cavity  of  the  tympanum  through  the  Eustachian  tube, 
and  from  the  tympanum  to  the  mastoid  cells. 

The  Eustachian  tube  (12,  Fig.  10)*  is  partly  bony  and 
partly  cartilaginous.  Following  its  direction  from  the  tym- 
panic cavity,  it  passes  forward,  inward,  and  slightly  down- 
ward. Its  entire  length  is  about  an  inch  and  a  half.  Its 
caliber  gradually  contracts  from  the  tympanum  to  the  spine 

1  See  toI.  iv.,  Nervous  System,  p.  149. 

*  Ecstachius,  Epistola  de  Auditus  Organis. — Opuscula  Anatomiea,  Yenetiis, 
1564,  p.  148,  <•*«£. 
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of  the  sphenoid,  and  from  this  constricted  portion  it  gradu- 
ally dilates  to  its  opening  into  the  pharynx,  the  entire  canal 
presenting  the  appearance  of  two  cones.  The  osseous  portion 
extends  from  the  tympanum  to  the  spine  of  the  sphenoid. 
The  cartilaginous  portion  is  an  irregularly-triangular  carti- 
lage, bent  upon  itself  above,  forming  a  furrow,  with  its  con- 
cavity presenting  downward  and  outward.  The  fibrous  por- 
tion occupies  about  half  of  the  tube  beyond  the  osseous  por- 
tion, and  completes  the  canal,  forming  its  inferior  and  external 
portion.  In  its  structure,  the  cartilage  of  the  Eustachian  tube 
is  intermediate  between  the  hyaline  and  the  fibro-cartOage. 

The  circumflexus,  or  tensor-palati  muscle,  which  has  al- 
ready been  described  in  connection  with  deglutition,1  is  at- 
tached to  the  anterior  margin,  or  hook  of  the  cartilage.  The 
attachments  of  this  muscle  have  lately  been  accurately  de- 
scribed by  Kiidinger,  who  calls  it  the  dilator  of  the  tube,1 
though  its  action  had  been  indicated  by  Valsalva,  in  the  early 
part  of  the  last  century,"  and  was  very  fully  described  by 
Toynbee,  in  1853.4  The  following  excellent  summary  of  the 
action  of  the  muscles  upon  the  tube  is  taken  from  the  report 
on  otology,  by  Dr.  J.  Orne  Green,  contained  in  the  Transac- 
tions of  the  American  Otological  Society :  * 

"The  relations  and  attachments  of  the  muscles  of  the 
Eustachian  tube  have  been  recently  demonstrated  very  satis- 
factorily by  Kiidinger.  The  tensor-palati  muscle  is  a  dilator 
of  the  tube ;  it  is  inserted  along  the  whole  length  of  the  hook 

1  See  vol  ii.,  Digestion,  p.  185. 

1  R&dingkr,  in  Stricker,  Manual  of  Human  and  Comparative  Histology, 
The  New  Sydenham  Society,  London,  1873,  yoL  iii.,  p.  71. 

*  Valsalva,  De  Aure  Humana  Tractatus. — Opera,  Lugd.  Batav.,  1742,  p. 
54.  As  some  authors  state  that  Valsalva  did  not  describe  the  action  of  the  di- 
lator muscle,  we  quote  the  following:  u*  •  *  nam  si  musculus  iste  leviter  digitis 
trdhatur,  tunc  nasi  interna  foramina,  tubaque  Eustachiana  dilatantur" 

4  Toynbee,  Diseases  of  the  Ear,  Philadelphia,  1860,  p.  215.  The  original  ob- 
servations of  Toynbee  were  presented  to  the  Royal  Society,  in  1853. 

*  Greek,  Report  on  the  Progress  of  Otology,  for  1869-*70. — Transactions  of 
the  American  Otological  Society,  Third  Annual  Meeting,  New  York,  1870,  p.  9. 
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of  the  cartilage,  passing  forward,  inward,  and  slightly  down- 
ward, and  its  fibres  spread  out  along  the  edge  of  the  soft  pal- 
ate and  on  the  side  of  the  pharynx.  In  contracting,  it  draws 
the  hook  of  the  cartilage  forward  and  a  little  downward,  thus 
enlarging  the  calibre  of  the  tube.  The  levator  palati  takes 
its  origin  from  the  temporal  bone  just  below  the  osseous 
tube,  and  passes  along  the  floor  of  the  tube,  some  of  its  fibres 
arising  from  the  lower  end  of  the  cartilage;  it  is  inserted  in 
the  uvula,  and,  in  contracting  the  belly  of  the  muscle  which 
lies  along  the  floor  of  the  tube,  becomes  thicker :  the  floor 
of  the  tube  is  raised,  and  the  fibres  arising  from  the  cartilage 
serve  to  draw  the  lower  end  of  this  away  from  the  opposite 
wall. 

"  The  palato-pharyngeus  rises  from  the  posterior  part  of 
the  lower  end  of  the  cartilage,  passes  backward,  and  is  in- 
serted on  the  posterior  wall  of  the  pharynx.  Its  action  would 
be  to  draw  the  posterior  wall  of  the  tube  backward ;  but,  as 
it  is  often  but  slightly  developed,  it  probably  only  serves  to 
fix  the  cartilage,  so  that  the  other  muscles  can  act  more  effec- 
tively. 

"  The  opening  of  the  tube  is  thus  the  result  of  the  action 
of  these  three  muscles:  the  tensor-palati,  or  dilator  tubse, 
draws  the  hook  of  the  cartilage  outward,  the  cartilage  be- 
comes less  curved  and  the  tube  is  widened ;  the  levator  par 
lati  in  contracting  becomes  more  horizontal,  and  draws  the 
lower  end  of  the  cartilage  inward  and  upward,  thus  enlarg- 
ing the  pharyngeal  orifice  more  than  3'".  As  soon  as  these 
muscles  cease  acting,,  the  elasticity  of  the  cartilage  restores 
the  canal  to  its  former  condition." 

It  is  thus  that  the  action  of  certain  of  the  muscles  of  deg- 
lutition dilates  the  pharyngeal  end  of  the  Eustachian  tube. 
If  we  close  the  mouth  and  nostrils,  and  make  several  repeated 
acts  of  deglutition,  we  draw  the  air  from  the  tympanic  cav- 
ity, and  the  atmospheric  pressure  renders  the  membrane  of 
the  tympanum  tense,  increasing  its  concavity.  By  one  or 
two  lateral  movements  of  the  jaws,  we  open  the  tube,  the 
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pressure  of  air  is  equalized,  and  the  ear  returns  to  its  normal 
condition.  The  above  is  the  experiment  indicated  by  Toyn- 
bee,  as  a  demonstration  of  the  action  of  the  pharyngeal  mus- 
cles ; l  but  this  observer  was  in  error  in  supposing  that  the 
Eustachian  tube  is  perfectly  closed  in  the  quiescent  state; 
for  there  probably  always  remains  a  narrow  chink  admitting 
the  passage  of  a  small  quantity  of  air;  at  least,  this  is  the 
opinion  of  most  modern  writers  upon  the  physiology  of  the 
ear,  particularly  Lucae  and  Schwartze,  who  noted  an  outward 
movement  of  the  membrana  tympani  with  the  inspiratory  act, 
in  healthy  persons  during  tranquil  respiration/  In  desert  • 
ing  the  dilator  tubse,  Eudinger  states  that  he  has  confirmed 
the  observations  of  Troltsch  and  Mayer,  who  have  shown  that 
there  is  a  direct  transition  of  this  muscle  into  the  tensor  tym- 
pani.' The  nerves  animating  the  dilator  tub©  come  from  the 
pneumogastric  and  are  derived  from  the  spinal  accessory.4 

A  smooth  mucous  membrane  forms  a  continuous  lining 
for  the  Eustachian  tube,  the  cavity  of  the  tympanum,  and 
the  mastoid  cells.  In  all  parts,  it  is  closely  adherent  to  the 
subjacent  tissues,  and,  in  the  cavity  of  the  tympanum,  is  very 
thin.  In  the  cartilaginous  portion  of  the  Eustachian  tube, 
there  are  numerous  mucous  glands,  which  are  most  abundant 
near  the  pharyngeal  orifice,  and  gradually  diminish  in  num- 
ber toward  the  osseous  portion,  in  which  there  are  no  glands. 
Throughout  the  tube,  the  surface  of  the  mucous  membrane 
is  covered  with  conoidal  cells  of  ciliated  epithelium.  The 
membrane  of  the  tympanic  cavity  is  very  thin,  consisting  of 
little  more  than  epithelium  and  a  layer  of  connective  tissue. 
It  lines  the  walls  of  the  cavity,  the  inner  surface  of  the  mem- 
brana tympani,  is  prolonged  into  the  mastoid  cells,  and  cov- 

1  Toynbee,  Dieeatee  of  the  Bar,  Philadelphia,  I860. 

*  Lucas,  Ueber  die  Reepirationbewegwng  dee  Trommdf ells.— Archiv  fur  Oh- 
renheilkunde,  Wurtzburg,  1864,  Bd.  L,  &  96,  et  $eq. 

Schwartzi,  Respiratorieche  Bcwegtmg  dee  Trcmwidfdl*.—\b\k,  S.  189,  et  seq. 

1  Rudinoer,  in  Stsioker,  Manual  of  Human  and  Comparative  Hutology, 
The  New  Sydenham  Society,  London,  1878,  vol.  iiL,  p.  71. 

4  See  vol.  It.,  Nervous  System,  p.  207. 
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era  the  ossicles  and  those  portions  of  the  muscles  and  tendons 
which  pass  through  the  tympanum.  On  the  floor  and  on  the 
anterior,  inner,  and  posterior  walls,  the  epithelium  is  of  the 
conoidal,  ciliated  variety.  On  the  promontory,  roof,  ossicles, 
and  muscles,  the  cells  are  of  the  pavement  variety  and  not 
ciliated,  the  transition  from  one  form  to  the  other  being  grad- 
ual. The  entire  membrane  contains  numerous  lymphatics,  a 
plexus  of  nefve-fibres  and  nerve-cells,  with  some  peculiar 
cells,  the  physiology  of  which  is  not  understood.  The  pres- 
ence of  mucous  glands  in  the  tympanic  cavity,  indicated  by 
Troltsch1  and  others,  has  been  denied  by  Kessel,  for  the 
human  subject,  though  he  has  found  them  in  the  cat  and 
dog.* 

We  have  thus  given  a  general  sketch  of  the  physiological 
anatomy  of  the  middle  ear,  and  shall  not  find  it  necessary  to 
treat  more  fully  of  the  cavity  of  the  tympanum,  the  mastoid 
cells,  or  the  Eustachian  tube,  except  as  regards  certain  points 
in  their  physiology.  The  minute  anatomy  of  the  membrana 
tympani  and  the  articulations  of  the  ossicles  can  be  more  con- 
veniently considered  in  connection  with  the  physiology  of 
these  parts. 

General  Arrangement  of  the  Bony  Labyrinth. — The  in- 
ternal portion  of  the  auditory  apparatus  is  contained  in  the 
petrous  portion  of  the  temporal  bone.  It  consists  of  an  ir- 
regular cavity,  called  the  vestibule,  the  three  semicircular 
canals  (13,  14,  15,  Fig.  10),  and  the  cochlea  (16,  Fig.  10). 
The  general  arrangement  of  these  parts  in  situ  and  their  re- 
lations to  the  adjacent  structures  are  shown  in  Fig.  10.  Fig. 
13,  showing  the  bony  labyrinth  isolated,  is  taken  from  the 
beautiful  photograph  contained  in  Eiidinger's  atlas. 

The  vestibule  is  the  central  chamber  of  the  labyrinth, 

1  Tr5ltbch,  Diseases  of  the  Ear,  New  York,  1869,  p.  174 ;  and,  Anatomic  de 
Vortille,  Broxelles,  1868,  p.  94. 

*  Kessel,  in  Stricker,  Manual  of  Human  and  Comparative  Histology,  The 
New  Sydenham  Society,  London,  1878,  vol.  iii.,  p.  58. 
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communicating  with  the  tympanic  cavity  by  the  fenestra  ova- 
lie,  which  is  closed  in  the  natural  state  by  the  base  of  the 
stapes.  This  is  the  central  ovoid  opening  shown  in  Fig.  13. 
The  inner  wall  of  the  vestibule  presents  a  small,  round  de~ 
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pression,  the  fovea  hemispherica,  perforated  by  numerous 
small  foramina,  through  which  pass  nervous  filaments  from 
the  internal  auditory  meatus.  Behind  this  depression,  is  the 
opening  of  the  aqueduct  of  the  vestibule.  In  the  posterior 
wall  of  the  vestibule,  are  five  small,  round  openings  leading 
to  the  semicircular  canals,  with  a  larger  opening  below,  lead- 
ing to  the  cochlea. 
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The  general  arrangement  of  the  semicircular  canals  is 
shown  in  Fig.  13  (6,  7,  8,  9, 10, 11, 12). 

The  arrangement  of  the  cochlea,  the  anterior  division  of 
the  labyrinth,  is  shown  in  Fig.  13  (1,  3,  4).  This  is  a  spiral 
canal,  about  an  inch  and  a  half  long,  and  one-tenth  of  an  inch 
wide  at  its  commencement,  gradually  tapering  to  the  apex, 
and  making,  in  its  course,  two  and  a  half  turns.  Its  interior 
presents  a  central  pillar,  around  which  winds  a  spiral  lamina 
of  bone.  The  fenestra  rotunda  (2,  Fig.  13),  closed  in  the 
natural  state  by  a  membrane  (the  secondary  membrana  tym- 
pani),  lies  between  the  lower  portion  of  the  cochlea  and  the 
cavity  of  the  tympanum. 

What  is  called  the  membranous  labyrinth  is  contained 
within  the  bony  parts  just  described.  Its  structure,  and 
the  ultimate  distribution  and  connections  of  the  auditory 
nerve,  which  penetrates  by  the  internal  auditory  meatus, 
involve  some  of  the  most  intricate  and  difficult  points  in  the 
whole  range  of  minute  anatomy.  Some  of  these  have  direct 
and  important  relations  to  the  physiology  of  hearing,  while 
many  are  of  purely  anatomical  interest.  Such  facts  as  bear 
directly  upon  physiology  will  be  considered  fully  in  connec- 
tion with  the  functions  of  the  internal  ear. 


CHAPTER  VIIL 

PHYSICS    OF     SOUND. 

Laws  of  sonorous  vibrations — Reflection  and  refraction  of  sound — Noise  and 
musical  sounds — Intensity,  pitch,  and  quality  of  musical  sounds — Mechan- 
ism of  the  siren — Musical  scale — Harmonics,  or  overtones — Resonators  of 
Helmholtz — Resultant  tones — Summation  tones  —  Harmony  —  Discord — 
Beats  a  cause  of  discord — Tones  by  influence  (consonance). 

The  sketch  that  we  have  given  of  the  general  anatomical 
arrangement  of  the  auditory  apparatus  conveys  an  idea  of 
the  uses  of  the  different  parts  of  the  ear.  The  waves  of 
sound  must  be  transmitted  to  the  terminal  extremities  of  the 
auditory  nerve  in  the  labyrinth.  These  waves  are  collected 
by  the  pinna,  are  conducted  to  the  membrana  tympani 
through  the  external  auditory  meatus,  produce  vibrations  of 
the  membrana  tympani,  are  conducted  by  the  chain  of  ossi- 
cles to  the  openings  in  the  labyrinth,  and  are  communicated 
through  the  fluids  of  the  labyrinth  to  the  ultimate  nervous 
filaments.  The  free  passage  of  air  through  the  external  mea- 
tus and  the  communications  of  the  cavity  of  the  tympanum 
with  the  mastoid  cells,  and,  by  the  Eustachian  tube,  with  the 
pharynx,  are  necessary  to  the  proper  vibration  of  the  mem- 
brana tympani ;  the  integrity  of  the  ossicles  and  of  their  lig- 
aments and  muscles  is  essential  to  the  proper  conduction  of 
sound  to  the  labyrinth ;  the  presence  of  liquid  in  the  laby- 
rinth is  a  condition  essential  to  the  conduction  of  the  waves 
to  the  filaments  of  distribution  of  the  auditory  nerves ;  and, 
finally,  from  the  labyrinth,  the  nerves  pass  through  the  inter- 
nal auditory  meatus  to  the  brain,  where  the  auditory  impres- 
sions are  appreciated. 
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Most  of  the  points  in  acoustics  which  are  essential  to  the 
comprehension  of  the  physiology  of  audition  are  definitely 
settled.  The  theories  of  the  propagation  of  sound  involve 
wave-action,  concerning  which  there  is  no  dispute  among 
physicists.  For  the  conduction  of  sound,  a  ponderable  me- 
dium is  essential ;  and  it  is  not  necessary,  as  in  the  case  of 
the  undulatory  theory  of  light,  to  assume  the  existence  of  an 
imponderable  ether.  The  human  ear,  though  perhaps  not  so 
acute  as  the  auditory  apparatus  of  some  of  the  inferior  ani- 
mals, not  only  appreciates  irregular  waves,  such  as  produce 
noise  as  distinguished  from  Bounds  called  musical,  but  is  ca- 
pable of  distinguishing  regular  waves,  as  in  simple  musical 
sounds,  and  harmonious  combinations. 

In  music,  certain  successions  of  regular  sounds  are  agree- 
able to  the  ear  and  constitute  what  we  call  melody.  Again, 
we  are  able  to  appreciate,  not  only  the  intensity  of  sounds, 
both  noisy  and  musical,  but  we  recognize  different  qualities, 
particularly  in  musical  tones.  Still  farther,  we  find  that 
tones  may  be  resolved  into  certain  invariable  component 
parts,  such  as  the  octave,  the  third,  fifth,  etc.  These  com- 
ponents of  what  are  usually  called  simple  tones  may  be  iso- 
lated, in  carefully-conducted  experiments,  but  there  is  always 
a  tone  heard  which  predominates  over  others,  the  pitch  and 
quality  of  which  are  readily  appreciated  by  a  practised  musi- 
cal ear. 

The  quality  of  tones  may  be  modified  by  the  simulta- 
neous production  of  other  tones  which  correspond  to  certain 
of  the  components  of  the  predominating  note.  For  example, 
if  we  add  to  a  single  tone,  the  third,  fifth,  and  octave,  we 
produce  a  major  chord,  the  sound  of  which  is  very  different 
from  that  of  a  single  note  or  of  a  note  with  its  octave.  If  we 
diminish  the  third  by  a  semitone,  we  have  a  different  quality, 
which  is  peculiar  to  minor  chords.  In  this  way,  we  can 
form  an  immense  variety  of  musical  sounds  upon  a  single 
instrument,  as  the  piano.  And  still  farther,  by  the  har- 
monious combinations  of  different  notes  of  different  instru- 
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ments  and  different  registers  of  the  human  voice,  as  in  grand 
choral  and  orchestral  compositions,  shades  of  effect,  almost 
innumerable,  may  be  produced.  The  modification  of  tones 
in  this  way  constitutes  harmony ;  and  an  educated  ear,  not 
only  experiences  pleasure  from  these  musical  combinations, 
but  can  distinguish  their  different  component  parts. 

A  chord  may  convey  to  the  ear  the  sensation  of  complete- 
ness in  itself,  or  it  may  lead  to  a  succession  of  tones  before 
this  sense  of  completeness  is  attained.  Different  chords  of 
the  6ame  key  may  be  made  to  follow  each  other,  or  we  may, 
by  transition-tones,  pass  to  the  chords  of  other  keys.  Each 
key  has  its  fundamental  note,  and  the  transition  from  one 
key  to  another,  in  order  to  be  agreeable  to  the  ear,  must  be 
made  in  certain  well-defined  and  invariable  ways.  These  reg- 
ular transitions  constitute  modulation.  The  ear  becomes  fa- 
tigued by  long  successions  of  tones,  always  in  one  key,  and 
modulation  is  essential  to  the  enjoyment  of  elaborate  musical 
compositions ;  otherwise,  the  tones  would  not  only  become 
monotonous,  but  their  correct  appreciation  would  be  im- 
paired, as  the  appreciation  of  colors  becomes  less  distinct 
after  looking  for  a  long  time  at  an  object  presenting  a  single 
vivid  tint. 

The  history  of  music  dates  far  back  into  antiquity,  first 
consisting  of  the  melodious  succession  of  tones,  and  later,  of 
both  melody  and  harmony.  Until  within  a  comparatively  re- 
cent period,  the  only  analysis  of  tones  was  that  of  Pythago- 
ras, who  analyzed  the  sound  produced  by  vibrating  strings. 
He  divided  a  vibrating  string  into  two  unequal  sections,  one 
twice  the  length  of  the  other.  Upon  sounding  these  two  di- 
visions simultaneously,  he  found  the  note  of  the  shorter  di- 
vision to  be  the  octave  of  the  longer.  He  then  divided  the 
string,  so  that  its  parts  had  the  relation  of  two  to  three,  and 
found  the  notes  separated  by  an  interval  of  a  fifth.  "  Thus, 
dividing  his  string  at  different  points,  Pythagoras  found  the 
so-called  consonant  intervals  in  music  to  correspond  with  cer- 
tain lengths  of  his  string ;  and  he  made  the  extremely  im- 
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portent  discovery,  that  the  simpler  the  relation  of  the  two 
parts  into  which  the  string  was  divided,  the  more  perfect 
was  the  harmony  of  the  two  sounds."1  These  important 
facts  were  developed  more  than  five  hundred  years  before 
the  Christian  era. 

Zmos  of  Sonorous  Vibrations. 

As  we  have  already  remarked,  sound  is  produced  by  vibra- 
tions in  a  ponderable  medium.  The  sounds  ordinarily  heard 
are  transmitted  to  the  ear  by  means  of  vibrations  of  the  atmos- 
phere. A  simple  and  very  common  illustration  of  this  fact 
is  afforded  by  the  experiment  of  striking  a  bell  carefully  ar- 
ranged in  vacuo.  Though  the  stroke  and  the  vibration  can 
readily  be  seen,  there  is  no  sound ;  and,  if  air  be  gradually 
introduced,  the  sound  will  become  appreciable  and  progres- 
sively more  intense  as  the  surrounding  medium  is  increased 
in  density.  This  interesting  experiment  was  made  by  Hawks- 
bee,  in  1705 ; "  but,  to  secure  perfect  success,  it  is  necessary 
to  suspend  the  bell  in  the  exhausted  receiver  by  threads, 
so  that  the  vibrations  cannot  be  conducted  to  the  solid  parts 
of  the  apparatus. 

If  we  produce  a  single  sound,  or  shock,  in  a  free  atmos- 
phere, we  may  suppose  that  the  waves  are  transmitted  equally 
in  every  direction ;  and  this  is  accomplished  in  the  following 
manner :  An  imaginary  sphere  of  air  receives  an  impulse,  or 
shock,  from  the  body  which  produces  the  sound.  This  shock 
is,  in  its  turn,  communicated  to  another  spherical  stratum  of 
air ;  this,  to  a  third,  and  so  on.  The  elasticity  of  the  air, 
however,  produces  a  recoil  of  each  imaginary  sphere  of  air, 
and  it  is  a  portion  of  the  last  stratum  which  strikes  the  tym- 
panum, throwing  it  into  vibration.  If  but  a  single  impulse 
be  given  to  the  air,  we  may  suppose  that  all  of  the  different 

1  Ttndall,  Sound,  London,  1867,  p.  288. 

*  Hawksbke,  An  Experiment  made  at  a  Meeting  of  the  Royal  Society,  touching 
the  Diminution  of  Sound  in  Air  rarefy'd. — Philosophical  Transactions,  for  the 
Tears  1704  and  1705,  London,  1706,  voL  xxir.,  p.  1904. 
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strata,  after  a  angle  oscillation,  return  to  their  original  quies- 
cent condition.  The  first  stratum  receives  the  shock,  and  the 
last  communicates  the  shock  to  the  ear.  The  oscillations  of 
sound,  produced  in  this  way,  are  to  and  fro  in  the  direction 
of  the  line  of  conduction,  and  are  said  to  be  longitudinal. 
In  the  undulatory  theory  of  light,  the  vibrations  are  supposed 
to  be  at  right  angles  to  the  line  of  propagation,  or  transversal. 
A  complete  oscillation  to  and  fro  is  called  a  sound-wave. 

It  is  evident  that  vibrating  bodies  may  be  made  to  per- 
form and  impart  to  the  atmosphere  oscillations  of  greater  or 
less  amplitude.  The  intensity  of  the  sound  is  in  proportion 
to  the  amplitude  of  the  vibrations.  If  we  cause  a  tuning- 
fork  to  vibrate,  the  sound  is  at  first  loud,  or  intense ;  but  the 
amplitude  gradually  diminishes,  and  the  sound  dies  away  until 
it  is  lost.  In  a  vibrating  body  capable  of  producing  a  definite 
number  of  waves  of  sound  in  a  second,  it  is  evident  that  the 
greater  the  amplitude  of  the  wave,  the  greater  is  the  velocity 
of  the  particles  thrown  into  vibration.  It  has  been  ascer- 
tained by  experiment,  that  there  is  an  invariable  mathemati- 
cal relation  between  the  intensity  of  sound,  the  velocity  of 
the  conducting  particles,  and  the  amplitude  of  the  waves ;  and 
this  is  expressed  by  the  formula,  that  the  intensity  is  propor- 
tional to  the  square  of  the  amplitude.  It  is  evident,  also, 
that  the  intensity  of  sound  is  diminished  by  distance,  as  the 
amplitude  of  the  waves  and  the  velocity  of  the  vibrating  par- 
ticles become  weaker,  the  farther  we  are  removed  from  the 
sonorous  body.  The  sound,  as  the  waves  recede  from  the 
sonorous  body,  becomes  distributed  over  an  increased  area. 
The  propagation  of  sound  has  been  reduced  also  to  the  for- 
mula, that  the  intensity  diminishes  in  proportion  to  the  square 
of  the  distance. 

Sonorous  vibrations  are  subject  to  many  of  the  laws  of 
reflection  which  we  have  studied  in  connection  with  light. 
Sound  may  be  absorbed  by  soft  and  non-vibrating  surfaces,  as 
certain  surfaces  absorb  the  rays  of  light.  It  is  in  this  way 
that  we  explain  the  deadening  of  sound  in  apartments  fur- 
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nished  with  carpets,  curtains,  etc.,  and  their  reflection  from 
smooth,  hard  surfaces.  By  carefully-arranged  convex  sur- 
faces, the  waves  of  sound  may  be  readily  collected  to  a  focus. 
These  laws  of  the  reflection  of  sonorous  waves  explain  echoes 
and  the  conduction  of  sound  by  confined  strata  of  air,  as  in 
tubes.  We  thus  explain  the  mechanism  of  speaking-trum- 
pets, the  collection  of  the  waves  by  the  pavilion  of  the  ear, 
and  their  transmission  to  the  tympanum  by  the  external 
auditory  meatus.  To  make  the  parallel  between  sonorous 
and  luminous  transmission  more  complete,  it  has  been  ascer- 
tained that  the  waves  of  sound  may  be  refracted  to  a  focus 
by  being  made  to  pass  through  an  acoustic  lens,  as  a  balloon 
filled  with  carbonic-acid  gas.  The  waves  of  sound  may  also 
be  deflected  around  solid  bodies,  when  they  produce  what 
have  been  called  by  Tyndall,  shadows  of  sound.1 

Any  one  observing  the  sound  produced  by  the  blow  of  an 
axe  can  note  the  important  fact  that  sound  is  transmitted  with 
much  less  rapidity  than  light.  At  a  short  distance,  our  view 
of  the  body  is  practically  instantaneous ;  but  there  is  a  con- 
siderable interval  between  the  blow  and  the  sound.  This  in- 
terval represents  the  velocity  of  the  sonorous  conduction. 
This  fact  is  also  illustrated  by  the  interval  between  a  flash  of 
lightning  and  the  sound  of  thunder.  The  velocity  of  sound 
depends  upon  the  density  and  elasticity  of  the  conducting 
medium.  Without  discussing  the  formulae  of  Newton  and 
their  correction  by  Laplace,  it  is  sufficient  to  state  that  the 
rate  of  conduction  of  sound  by  atmospheric  air  at  the  freez- 
ing-point of  water  is  about  1,090  feet  per  second.  This  rate 
presents  comparatively  slight  variations  for  the  different 
gases,  but  is  very  much  more  rapid  in  liquids  and  in  solids. 
In  ordinary  water,  it  is  4,708  feet  per  second ;  in  iron  or  steel 
wire,  about  16,000  feet,  and  in  most  woods,  in  the  direction 
of  the  fibre,  about  the  same.1 

Noise  and  Musical  Sounds. — There  is  a  well-defined 

1  Tyndall,  Sotmd,  London,  1867,  p.  22.    *  Tyndall,  op.  cit.%  p.  26,  et  seq. 
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physical,  as  well  as  an  aesthetic  distinction  between  noise  and 
music.  Taking,  as  examples,  single  sounds,  a  sound  becomes 
noise  when  the  air  is  thrown  into  confused  and  irregular  vi- 
brations. A  noise  may  be  composed  of  a  few  musical  sounds, 
when  these  are  not  in  accord  with  each  other,  and  sounds 
called  musical  are  not  always  entirely  free  from  discordant  vi- 
brations, as  we  shall  see  in  studying  musical  sounds,  properly 
so  called.  A  noise  possesses  intensity,  varying  with  the  am- 
plitude of  the  vibrations,  and  it  may  have  different  qualities, 
depending  upon  the  form  of  its  vibrations.  We  may  call  a 
noise  dull,  sharp,  ringing,  metallic,  hollow,  etc.,  thus  express- 
ing qualities  that  are  readily  understood.  In  percussion  of 
the  chest,  the  resonance  is  called  vesicular,  tympanitic,  etc., 
distinctions  in  quality  that  are  quite  important.  A  noise 
may  also  be  called  sharp  or  low  in  pitch,  as  the  rapid  or  slow 
vibrations  predominate,  without  answering  the  requirements 
of  musical  sounds.  These  explanations,  with  the  definition 
that  a  noise  is  a  sound  that  is  not  musical,  will  be  better  un- 
derstood after  we  have  described  some  of  the  characters  of 
musical  vibrations. 

A  pure  and  simple  musical  sound  consists  of  vibrations 
following  each  other  at  regular  intervals,  provided  that  the 
succession  of  waves  be  not  too  slow  or  too  rapid.  When  the 
vibrations  are  too  slow,  we  have  an  appreciable  succession  of 
impulses,  and  the  sound  is  not  musical.  When  they  are  too 
rapid,  we  recognize  that  the  sound  is  excessively  sharp,  but 
it  is  then  painfully  acute  and  has  no  pitch  that  can  be  accu- 
rately determined  by  the  auditory  apparatus.  Such  sounds 
may  be  occasionally  employed  in  musical  compositions,  but, 
in  themselves,  they  are  not  strictly  musical. 

In  musical  sounds,  we  recognize  duration,  intensity,  pitch, 
and  quality.  The  duration  depends  simply  upon  the  length 
of  time  during  which  the  vibrating  body  is  thrown  into 
action.  The  intensity  depends,  as  we  have  already  stated, 
upon  the  amplitude  of  the  vibrations,  and  has  no  relation 
whatsoever  to  pitch.     Pitch  depends  absolutely  upon  the 


PITCH   OF  MUSICAL   SOUNDS.  173 

rapidity  of  the  regular  vibrations ;  and  quality,  upon  the 
combinations  of  different  notes  in  harmony,  the  character  of 
the  harmonics  of  fundamental  tones,  and  the  form  of  the  vi- 
brations. 

Pitch  of  Musical  Sounds. — In  discussing  the  pitch  of 
musical  sounds,  we  shall  leave  out  of  the  question,  for  the 
present,  the  harmonics,  which  exist  in  nearly  all  musical 
tones  and  affect  their  quality,  and  confine  ourselves  to  the 
study  of  simple  vibrations.  Such  tones  are  those  of  great 
organ-pipes,  which  are  deficient  in  harmonics  and  in  over 
tones,  and  are  almost  entirely  pure. 

Pitch  depends  upon  the  number  of  vibrations.  A  musical 
sound  may  be  of  greater  or  less  intensity ;  it  may  at  first  be 
quite  loud  and  gradually  die  away  ;  but  the  number  of  vibra- 
tions in  a  definite  tone  is  invariable,  be  it  weak  or  powerful. 
The  rapidity  of  the  conduction  of  sound  does  not  vary  with 
its  intensity  or  pitch,  and,  in  the  harmonious  combination 
of  the  sounds  of  different  instruments,  be  they  high  or  low 
in  pitch,  intense  or  feeble,  it  is  always  the  same  in  the  same 
conducting  medium.  Distinct  musical  tones  may  present  an 
immense  variety  of  qualities,  but  all  tones  of  the  same  pitch 
have  absolutely  equal  rates  of  vibration.  Tones  equal  in 
pitch  are  said  to  be  in  unison.  This  fact,  though  simple,  has 
a  most  important  physiological  bearing.  In  the  first  place, 
an  educated  ear  can,  without  difficulty,  distinguish  slight  dif- 
ferences in  pitch,  in  ordinary  musical  tones.1  Again,  we  as- 
certain by  experiment  that  this  power  of  appreciation  of 
tones  is  restricted  within  well-defined  limits,  which  vary 
slightly  in  different  individuals.  Without  citing  all  of  the 
numerous  observations  upon  this  point,  we  may  state  that 
Helmholtz,  whose  authority  is  the  very  highest,  gives,  as  the 

1  Helmholtz  states,  on  the  authority  of  E.  H.  Weber,  that  "  experienced  mu- 
sicians can  appreciate  a  difference  in  pitch  corresponding  to  a  relation  of  Titra- 
tions of  1,000  to  1,001.  This  would  equal  about  jfe  of  a  semitone."  (Helm, 
holtz,  Thforie  pkyMogique  de  la  miuique,  Paris,  1868,  p.  183.) 
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range  of  sounds  that  can  be  legitimately  employed  in  music, 
those  of  from  40  to  4,000  vibrations  in  a  second,  embracing 
about  seven  octaves.  In  an  orchestra,  the  double  bass  gives 
the  lowest  note,  which  has  40*25  vibrations  in  a  second,  and 
the  highest  note,  given  by  the  small  flute,  has  4,752  vibra- 
tions. In  grand  organs,  there  is  a  pipe  which  gives  a  note  of 
16*5  vibrations,  and  the  deepest  note  of  modern  pianos  has 
27*5  vibrations;  but  delicate  shades  of  pitch  in  these  low 
tones  are  not  appreciable  to  most  persons.1  Sounds  above 
the  limits  just  indicated  are  painfully  sharp,  and  their  pitch 
cannot  be  exactly  appreciated  by  the  ear.  The  physiological 
interest  connected  with  these  facts  is,  that  the  limits  of  the 
appreciation  of  musical  sounds  are  probably  due  to  the  ana- 
tomical arrangement  of  the  auditory  apparatus,  as  we  have  a 
limit  to  the  acuteness  of  vision,  which  can  be  explained  by 
the  structure  of  the  eye.  This  fact  is  the  basis  of  the  ac- 
cepted theories  of  the  appreciation  of  musical  sounds. 

The  Siren. — As  the  ear  is  capable  of  distinguishing  mu- 
sical sounds  in  unison,  if  we  can  construct  an  apparatus  by 
which  we  are  able,  not  only  to  produce  different  tones,  but 
to  calculate  accurately  the  number  of  vibrations  of  each,  we 
can  .make  an  absolute  demonstration  of  the  facts  just  stated. 
Such  an  instrument  is  the  siren,  the  tones  of  which  can  be 
compared  by  the  ear  with  those  produced  by  other  instru- 
ments. It  is  not  essential  to  our  purpose  to  describe  mi- 
nutely the  mechanism  of  the  siren,  as  all  that  we  desire  is 
to  understand,  in  general  terms,  the  principle  of  its  action. 

The  principle  of  the  siren  depends  upon  the  fact  that 
puffs  of  air,  produced  at  regular  intervals,  will  give  rise  to 
musical  tones,  the  pitch  of  which  is  high  in  proportion  to  the 
rapidity  of  the  puffs,  each  of  which  forms  a  sound-wave.  In 
the  siren,  we  have  a  fixed  disk  of  metal,  perforated  with  sev- 
eral series  of  orifices,  which  may  be  closed  or  opened  at  will. 
Of  these,  the  outer  series  of  openings  presents  usually  sixteen 

1  Helmholtz,  Thiorie  physiologique  de  la  murique,  Paris,  1868,  p.  24. 
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orifices,  the  next  series,  twelve,  the  next,  ten,  and  the  inner- 
most series,  eight.  Above  this  fixed  disk,  is  another  disk, 
with  corresponding  openings,  which  can  be  made  to  rotate  at 
a  known  rate.  When  the  openings  in  the  two  disks  are  in 
exact  apposition,  the  air  passes  freely,  in  a  continuous  current, 
from  a  tube  connected  with  a  chamber  below  the  lower  disk, 
out  by  a  tube  connected  with  the  upper  disk.  If  the  perfora- 
tions in  the  two  disks  be  oblique,  the  direction  of  the  infe- 
rior openings  being  opposite  to  those  in  the  upper  disk,  a  cur- 
rent  of  air  through  the  apparatus  will  cause  the  upper  disk 
to  rotate,  when  the  perforations  will  be  closed  and  opened 
at  regular  intervals.  It  is  not  difficult  to  arrange  a  dial 
which  will  register  the  exact  number  of  rotations  of  the 
upper  disk  in  a  given  time.  The  rapidity  of  rotation  depends 
upon  the  force  of  the  current  of  air  through  the  apparatus ; 
and  the  tone  is  higher  with  the  more  powerful  currents.  Let 
us  suppose,  now,  that  we  have  the  siren  perfectly  adjusted, 
with  a  bellows  that  will  force  an  equable  current  of  air 
through  it,  and  a  dial  which  records  the  exact  number  of 
turns  of  the  rotating  disk.  We  sound  the  note  of  a  tuning- 
fork  and  blow  air  through  the  siren,  regulating  the  current 
until  the  two  notes  are  exactly  in  unison.  When  this  is  ac- 
complished, we  set  the  registering  portion  of  the  apparatus  in 
action,  and  stop  it  at  the  end  of  precisely  one  minute.  The 
conclusion  of  this  illustrative  experiment  we  quote  from 
Tyndall :  "  I  suddenly  push  b  and  stop  the  clock-work ;  and 
here  recorded  on  the  dials  we  have  the  exact  number  of  revo- 
lutions performed  by  the  disc.  This  number  is  1,440.  But 
the  series  of  holes  open  during  the  experiment  numbers  16 ; 
for  every  revolution,  therefore,  we  had  16  puffs  of  air,  or  16 
waves  of  sound.  Multiplying  1,440  by  16,  we  obtain  23,040 
as  the  number  of  vibrations  executed  by  the  tuning-fork  in  a 
minute.  Dividing  this  number  by  60,  we  find  the  number 
of  vibrations  executed  in  a  second  to  be  384. 

"  Having  determined  the  rapidity  of  vibration,  the  length 
of  the  corresponding  sonorous  wave  is  found  with  the  ut- 

142 
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most  facility.  Imagine  this  timing-fork  vibrating  in  the  free 
air.  At  the  end  of  a  second  from  the  time  it  commenced  its 
vibrations,  the  foremost  wave  would  have  reached  a  distance 
of  1,090  feet  in  air  of  the  freezing  temperature.  In  the  air  of 
this  room,  which  has  a  temperature  of  about  15°  C,  it  would 
reach  a  distance  of  1,120  in  a  second.  In  this  distance,  there- 
fore, are  embraced  384  sonorous  waves.  Dividing,  therefore, 
1,120  by  384,  we  find  the  length  of  each  wave  to  be  nearly 
3  feet." l 

By  the  siren,  the  principle  of  which  is  simple  and  suffi- 
ciently easy  of  comprehension,  we  can  measure,  with  mathe- 
matical accuracy,  the  number  of  vibrations  executed  by  any 
body  emitting  a  simple  musical  tone,  and  we  thereby  arrive 
at  an  absolute  demonstration  of  the  fact,  that  a  tone  in  music 
is  composed  of  equable  waves  of  sound,  and  that,  the  higher 
the  tone,  the  more  rapid  are  the  sonorous  vibrations. 

Musical  Scale. — We  have  thus  far  considered  simple  mu- 
sical tones,  without  any  reference  to  the  relations  of  different 
tones  to  each  other.  A  knowledge  of  these  relations  lies  at 
the  foundation  of  the  science  of  music ;  and,  without  a  clear 
idea  of  certain  of  the  fundamental  laws  of  music,  we  cannot 
thoroughly  comprehend  the  mechanism  of  audition. 

It  requires  very  little/  cultivation  of  the  ear  to  enable  us 
to  comprehend  the  fact,  that  the  successions  and  combinations 
of  tones  must  obey  certain  fixed  laws ;  and,  long  before  these 
laws  were  the  subject  of  mathematical  demonstration,  the  re- 
lations of  the  different  notes  of  the  scale  were  established, 
merely  because  certain  successions  and  combinations  were 
agreeable  to  the  ear,  while  others  were  discordant  and  ap- 
parently unnatural.  Now  that  we  are  pretty  thoroughly  ac- 
quainted with  the  laws  of  vibrations,  we  can  study  the  scale 
from  a  scientific,  as  well  as  an  eesthetic  point  of  view. 

The  most  convenient  tones  for  our  study  are  those  pro- 
duced by  vibrating  strings,  and  the  phenomena  here  oh- 

1  Tyndall,  Sound,  London,  1867,  p.  68. 
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served  are  essentially  the  same  for  all  musical  sounds ;  for  it 
is  by  means  of  vibrations  communicated  to  the  air  that  the 
waves  of  sound  find  their  way  to  the  auditory  apparatus. 
Let  us  take,  to  begin  with,  a  string  vibrating  24  times  in  a 
second.  If  this  string  be  divided  into  two  equal  parts,  each 
part  will  vibrate  48  times  in  a  second.  The  note  thus  pro- 
duced is  the  octave,  or  the  8th  of  the  primary  note,  called  the 
8th,  because  the  natural  scale,  as  we  shall  see,  contains  eight 
notes,  of  which  the  first  is  the  lowest  and  the  last,  the  high- 
est. We  may  divide  the  half  again,  producing  a  Becond 
octave,  and  so  on,  within  the  limits  of  our  appreciation  of 
musical  tones.  If  we  divide  the  string  so  that  $  of  its  length 
will  vibrate,  we  have  36  vibrations  in  a  second,  and  this  note 
is  the  5th  in  the  scale.  If  we  divide  the  string  again,  so  as 
to  leave  £  of  its  length,  we  have  30  vibrations,  which  gives 
the  3d  note  in  the  scale.  These  are  the  most  natural  subdi- 
visions of  the  tone;  and  the  1st,  3d,  5th,  and  8th,  when 
sounded  together,  make  what  is  known  as  the  common  major 
chord.  Three-fourths  of  the  length  of  the  original  string 
makes  32  vibrations,  and  gives  the  4th  note  in  the  scale.  If 
we  take  f  of  the  string,  we  have  27  vibrations,  and  the  note 
is  the  2d  in  the  scale.  With  f  of  the  string,  we  have  40  vi- 
brations in  a  second,  or  the  6th  note  in  the  scale.  With  -fr 
of  the  string,  we  have  45  vibrations  in  a  second,  or  the  7th 
note  in  the  scale. 

It  will  be  observed  that  we  have  started  with  a  note, 
which  we  call  0.  This  is  the  key-note,  or  the  tonic.  In  this 
6cale,  which  is  called  the  natural,  or  diatonic  key,  we  have  a 
regular  mathematical  •progression  from  the  1st  to  the  8th. 
This  is  called  the  major  key  of  C.  Melody  consists  in  an 
agreeable  succession  of  tones,  which  we  may  assume,  for  sake 
of  simplicity,  to  be  pure.  We  cannot,  in  a  simple  melody, 
sound  any  note  but  one  of  those  in  the  scale.  When  a  differ- 
ent note  is  sounded,  we  pass  into  a  key  which  has  a  different 
fundamental  note,  or  tonic,  with  a  different  succession  of 
3ds,  5ths,  etc.    Every  key,  therefore,  has  its  1st,  3d,  5th, 
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and  8th,  as  well  as  the  intermediate  notes.  If  we  diminish 
the  3d  by  half  a  tone,  which  is  formed  by  a  string  £  the 
length  of  the  tonic,  instead  of  $,  we  have  the  key  converted 
into  the  minor.  The  minor  chord,  consisting  of  the  1st,  the 
diminished  3d,  the  5th,  and  the  8th,  is  perfectly  harmonious, 
but  has  a  quality  quite  different  from  that  of  the  major 
chord.  The  notes  of  a  melody  may  progress  in  the  minor 
key  as  well  as  in  the  major.  Taking  the  small  numbers  of 
vibrations  merely  for  convenience,  the  following  is  the  mode 
of  progression  in  the  natural  scale  of  C  major : 

,  1st      2d.     3d.     4th.     5th.     6th.     7th.    6th. 

Note,  .  .  .  CDEFGABC 
Lengths  of  the  string,  IfiftfiVi 
Number  of  vibrations,     24    27    30    32    36    40    45    48 

The  intervals  between  the  notes  of  the  scale,  it  is  seen, 
are  not  equal.  The  smallest,  between  the  3d  and  4th  and  the 
7th  and  8th,  are  called  semitones.  The  other  intervals  are 
either  full  perfect  tones  or  small  perfect  tones.1  Although 
there  are  semitones,  not  belonging  to  the  key  of  C,  between 
C  and  D,  D  and  £,  F  and  6,  G  and  A,  and  A  and  B,  these 
intervals  are  not  all  composed  of  exactly  the  same  number  of 
vibrations ;  so  that,  taking  the  notes  on  a  piano,  if  we  have 
D  as  the  tonic,  its  5th  would  be  A.  We  assume  that  D  has 
27  vibrations,  and  A,  40,  giving  a  difference  of  13.  "With  0 
as  the  tonic  and  G  as  the  5th,  we  have  a  difference  of  12.  It 
is  on  account  of  these  differences  in  the  intervals,  that  each 
key  in  music  has  a  peculiar  and  an  individual  character. 

In  tuning  a  piano,  which  is  the  single  instrument  most 
commonly  used  for  accompaniment  and  the  general  interpre- 
tation of  musical  compositions,  the  ordinary  method  is  by 

1  Although  a  tone  and  a  semitone  do  not  have  an  absolutely-fixed  value,  they 
are  usually  defined  as  above ;  but  a  maximum  tone  is  the  interval  between  the 
4th  and  5th,  equal,  in  the  scale  we  have  given,  to  four  vibrations.  A  minimum 
tone  is  the  interval  between  the  3d  and  4th,  or  the  7th  and  8th,  equal  to  two  or 
three  vibrations.  (Lauoel,  La  voiz,  Voreitte  et  la  mutique,  Paris,  1867,  p.  121, 
note.) 
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the  5ths.  We  bring  the  5th  of  C  in  exact  accord  with  the 
tonic ;  then  the  5th  of  D  ;  then  the  5th  of  E,  and  finally  the 
5th  of  F.  The  5th  of  F  should  be  the  octave  of  0,  but,  by 
progressing  in  this  way,  the  last  note,  0,  is  too  sharp,  and  is 
not  the  octave  of  the  lower  0.  If  this  progression  were  con- 
.  tinned  higher  and  higher,  the  octaves  would  become  more 
and  more  out  of  tune ;  and,  to  avoid  this,  the  octaves  are 
made  perfect  and  the  5ths  and  3ds  are  tuned  down,  so  that 
the  inequality  is  distributed  throughout  the  scale.  This  is 
called  tempering  the  scale,  and,  with  this  "  temperament,"  the 
notes  are  not  exactly  true ;  still,  musicians  are  accustomed  to 
this,  and  fail  to  recognize  the  mathematical  defect.1 

Even  in  melody,  and  still  more  in  harmony,  in  long  com- 
positions, the  ear  becomes  fatigued  by  a  single  Jkey,  and  it  is 
necessary,  in  order  to  produce  the  most  pleasing  effects,  to 
change  the  tonic,  by  what  is  called  modulation,  returning  af- 
terward to  the  original  key. 

Quality  of  Musical  Satmch. — By  appropriate  means,  we 
can  analyze  or  decompose  white  light  into  prismatic  colors ; 
and,  in  the  same  way,  nearly  all  musical  tones,  which  seem  at 
first  to  be  simple,  cL  be  Lolved  into  certain  well-defined 
constituents.  There  are  few  absolutely  simple  sounds  used 
in  music.  We  may  take  an  example,  however,  in  the  tones 
of  great  stopped-pipes  in  the  organ.  These  are  simple,  but 
are  of  an  unsatisfactory  quality,  and  wanting  in  richness. 
Almost  all  other  tones,  however,  have  a  fundamental  note, 
which  we  recognize  at  once ;  but  this  note  is  accompanied  by 
harmonics  caused  by  secondary  vibrations  of  subdivisions  of 
the  sonorous  body. 

The  number,  pitch,  and  intensity  of  these  harmonic,  or 
partial  vibrations  affect  what  is  called  the  quality,  or  timbre 
of  musical  tones,  by  modifying  the  form  of  the  sonorous 

1  Helmholtz,  in  the  great  work  we  have  so  often  quoted,  discusses  the  faults 
and  inaccuracies  of  the  temperament  very  fully.  {TMorU  physiologique  de  la 
rmuiqw,  Paris,  .1868,  p.  411,  et  $eq.) 
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waves.  This  fact,  which  we  shall  discuss  more  elaborately 
farther  on,  requires  little  argument  for  its  support.  If  we 
suppose  a  string  vibrating  a  certain  number  of  times  in  a 
second,  the  vibrations  being  perfectly  simple,  we  should  have, 
according  to  the  laws  of  vibrating  bodies,  a  simple  musical 
tone ;  but,  if  we  suppose  that  the  string  subdivides  into  dif- 
ferent segments,  one  of  which  gives  the  3d,  another,  the  5th, 
and  so  on,  of  the  fundamental  note,  it  is  evident  that  the 
form  of  the  vibrations  must  be  considerably  modified.  This 
is  the  fact ;  and,  with  these  modifications  in  form,  the  quality, 
or  timbre,  of  the  tone  is  changed.  We  can  illustrate  this 
roughly  on  the  piano.  If  we  strike  the  note  C,  we  have 
a  certain  quality  of  sound.  We  may  assume,  for  sake  of  ar- 
gument, that  this  is  a  simple  tone,  though  in  reality  it  is 
complex.  We  now  strike  simultaneously  the  fundamental 
note,  its  3d,  5th,  and  8th,  making  the  -common  chord  of  C 
major.  The  predominant  tone  is  still  C,  but  the  addition  of 
the  harmonious  notes  modifies  its  quality.  If  we  diminish 
the  third  by  half  a  tone,  we  still  have  C  for  the  predominant 
tone,  but  the  quality  of  the  chord  is  changed  to  the  minor. 
In  this  rough  illustration,  the  ear  can  readily  detect  the  har- 
monious tones ;  but,  in  the  tone  of  a  single  string,  this  cannot 
be  done  without  practice  and  close  attention.  Still,  in  the 
tones  of  single  strings,  the  ear  can  distinguish  the  harmonics ; 
and,  what  is  more  satisfactory,  the  existence  of  harmonics 
can  be  actually  demonstrated  in  various  ways. 

From  what  we  have  just  stated,  it  follows  that  nearly  all 
musical  tones  consist,  not  only  of  a  fundamental  Bound,  but 
of  harmonic  vibrations,  subordinate  to  the  fundamental  and 
qualifying  it  in  a  particular  way.  These  harmonics  may  be 
feeble  or  intense;  certain  of  them  may  predominate  over 
others ;  some,  that  are  usually  present,  may  be  eliminated ; 
and,  in  short,  they  may  present  great  diversity  of  arrange- 
ment, and  thus  the  timbre  may  present  an  infinite  variety. 
This  is  one  of  the  elements  entering  into  the  composition  of 
tones,  and  affords  a  partial  explanation  of  quality. 
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Another  element  in  the  quality  of  tones  depends  upon 
their  reenforcement  by  resonance.  The  vibrations  of  a 
stretched  string,  not  connected  with  a  resonant  body,  are  al- 
most inaudible.1  In  musical  instruments,  we  have  the  tone 
taken  up  by  some  mechanical  arrangement,  as  the  sound- 
board of  the  organ,  piano,  violin,  harp,  guitar,  etc.  In  the 
violin,  for  example,  the  sweetness  of  the  tone  depends  chiefly 
upon  the  construction  of  the  resonant  part  of  the  instrument, 
and  but  little  upon  the  strings  themselves,  which  are  fre- 
quently changed.  The  same  is  true  of  the  human  voice,  of 
wind-instruments,  etc.  We  could  not  discuss  these  points 
elaborately,  without  giving  a  full  description  of  the  various 
musical  instruments  in  common  use,  which  would  be  out  of 
place  in  a  work  on  physiology. 

In  addition  to  the  harmonic  tones  of  sonorous  bodies, 
various  discordant  sounds  are  generally  present,  which  modify 

1  The  reenforcement  of  Bounds  by  resonance  is  beautifully  illustrated  by  an 
experiment  originally  made  by  Wheatstone,  which  is  very  graphically  described 
by  Tyndall,  in  his  lectures  on  sound.    (Tyndall,  Sound,  London,  1867,  p.  80.) 

"  We  are  now  prepared  to  appreciate  an  extremely  beautiful  experiment,  for 
which  we  are  indebted  to  Prof.  Wheatstone,  and  which  I  am  now  able  to  make 
before  you.  In  a  room  underneath  this,  and  separated  from  it  by  two  floors,  is 
a  piano.  Through  the  two  floors  passes  a  tin  tube  2j  inches  in  diameter,  and 
along  the  axis  of  this  tube  passes  a  rod  of  deal,  the  end  of  which  emerges  from 
the  floor  in  front  of  the  lecture-table.  The  rod  is  clasped  by  India-rubber 
bands,  which  entirely  close  the  tin  tube.  The  lower  end  of  the  rod  rests  on  the 
sound-board  of  the  piano,  its  upper  end  being  exposed  before  you.  An  artist  is 
at  this  moment  engaged  at  the  instrument,  but  you  hear  no  sound.  I  place  this 
violin  upon  the  end  of  the  rod ;  the  violin  becomes  instantly  musical,  not  how- 
ever with  the  vibrations  of  its  own  strings,  but  with  those  of  the  piano.  I  re- 
move the  violin,  the  sound  ceases ;  I  put  in  its  place  a  guitar,  and  the  music 
revives.  For  the  violin  and  guitar  I  substitute  this  plain  wooden  tray ;  it  is  also 
rendered  musical.  Here,  finally,  is  a  harp,  against  the  sound-board  of  which'  I 
cause  the  end  of  the  deal  rod  to  press ;  every  note  of  the  piano  is  reproduced 
before  you.  I  lift  the  harp  so  as  to  break  its  connection  with  the  piano,  the 
sound  vanishes ;  but  the  moment  I  cause  the  sound-board  to  press  upon  the  rod, 
the  music  is  restored.  The  sound  of  the  piano  so  far  resembles  that  of  the  harp 
that  it  is  hard  to  resist  the  impression  that  the  music  you  hear  is  that  of  the 
latter  instrument  An  uneducated  person  might  well  believe  that  witchcraft  is 
concerned  in  the  production  of  this  music." 
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the  timbre,  producing,  usually,  a  certain  roughness,  such  aa 
the  grating  of  a  violin-bow,  the  friction  of  the  columns  of 
air  against  the  angles  in  wind-instruments,  etc.  All  of  these 
conditions  have  their  effect  upon  the  quality  of  tones ;  and 
these  discordant  sounds  may  exist  in  infinite  number  and  va- 
riety. These  sounds  are  composed  of  irregular  vibrations, 
and  are  consequently  inharmonious.  Nearly  all  tones  that 
we  speak  of  in  general  terms  as  musical  are  composed  of  mu- 
sical, or  harmonic  partial  tones,  and  the  discordant  dements 
to  which  we  just  alluded. 

Aside  from  the  relations  of  the  various  component  parts 
of  musical  tones,  the  quality  depends  largely  on  the  form  of 
the  vibrations.  To  quote  the  words  of  Helmholtz,  "the 
more  uniformly  rounded  the  form  of  the  wave,  the  softer 
and  milder  is  the  quality  of  the  tone.  The  more  jerking  and 
angular  the  wave-form,  the  more  piercing  the  quality.  Tun- 
ing-forks, with  their  rounded  forms  of  wave,  have  an  extraor- 
dinarily soft  quality ;  and  the  qualities  of  tone  generated  by 
the  zither  and  yiolin  resemble  in  harshneas  Oe  angularity  of 
their  wave-forms." l 

Sdrmoni€8y  or  Overtones. — As  we  have  stated  in  the  fore- 
going paragraphs,  nearly  all  tones  are  composite,  but  some 
contain  many  more  partial,  or  secondary  vibrations  than  oth- 
ers. The  tones  of  vibrating  strings  are  peculiarly  rich  in 
harmonics,  and  these  may  be  used  for  illustration,  remember- 
ing that  the  phenomena  here  observed  have  their  analogies  in 
nearly  all  varieties  of  musical  sounds.  If  a  stretched  string  be 
made  to  vibrate,  the  secondary  tones,  which  qualify,  as  it 
were,  the  fundamental,  are  called  harmonics,  or,  in  German, 
overtones,  a  term  which  is  now  much  used  by  English 
writers. 

While  it  is  difficult  at  all  times  to  distinguish  by  the  ear 
the  individual  overtones  of  vibrating  strings,  their  existence 
can  be  demonstrated  by  a  few  simple  experiments.    Let  us 

1  Helmholtz,  Popular  Lectures  on  Scientific  Subject*,  New  York,  1873,  p.  77. 
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suppose,  for  example,  that  we  have  a  string,  the  fundamental 
Bote  of  which  is  0.  We  damp  this  string  with  a  feather 
at  one-f  ourth  of  its  length  and  draw  a  violin-bow  across  the 
smaller  section.  We  then  sound,  not  only  the  fourth  part  of 
the  string,  across  which  the  bow  is  drawn,  but  the  remaining 
three-fourths ;  but  if  we  have  placed  little  riders  of  paper 
upon  the  longer  segment,  at  distances  equal  to  one-fourth  of 
the  entire  string,  they  will  remain  undisturbed,  while  riders 
placed  at  any  other  portion  of  the  string  will  be  thrown  off. 
This  experiment  shows  that  the  three-fourths  of  the  string 
have  been  divided,  as  we  have  sounded  the  second  octave 
above  the  fundamental  note.  This  may  be  illustrated  by 
connecting  one  end  of  the  string  with  a  tuning-fork.  When 
this  is  done,  and  the  string  is  brought  to  the  proper  degree  of 
tension,  it  will  first  vibrate  as  a  whole,  then,  when  a  little 
tighter,  will  spontaneously  divide  into  two  equal  parts,  and, 
under  increased  tension,  into  three,  four,  and  so  on.  By 
damping  a  string  with  the  light  touch  of  a  feather,  we  sup- 
press the  fundamental  note  and  bring  out  the  overtones, 
which  exist  in  all  vibrating  strings,  but  are  usually  concealed 
by  the  fundamental.  The  points  which  mark  the  subdivis- 
ions of  the  string  into  segments  of  secondary  vibrations  are 
called  nodes.  When  we  damp  the  string  at  its  centre,  we 
quench  the  fundamental  note  and  have  overtones  an  octave 
above ;  damping  it  at  a  distance  of  one-fourth,  we  have  the 
second  octave  above,  and  so  on.  When  we  damp  it  at  a  dis- 
tance of  one-fifth  from  the  end,  we  have  the  four-fifths  sound- 
ing the  3d  of  the  fundamental,  with  the  second  octave  of  the 
3d.  If  we  damp  it  at  a  distance  of  two-thirds,  we  have  the 
5th  of  the  fundamental,  with  the  octave  of  the  5th. 

Every  vibrating  string  possesses,  thus,  a  fundamental  tone 
and  overtones.  We  have,  qualifying  the  fundamental,  first,  as 
the  most  simple,  a  series  of  octaves ;  next,  a  series  of  5ths  of 
the  fundamental  and  their  octaves ;  and  next,  a  series  of  3ds. 
These  are  the  most  powerful  overtones,  and  form  the  common 
chord  of  the  fundamental ;  but  they  are  so  far  concealed  by 
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the  greater  intensity  of  the  fundamental,  that  they  cannot  be 
easily  distinguished  by  the  unaided  ear,  unless  the  fundamen- 
tal be  quenched  in  some  such  way  as  we  have  indicated.  In 
the  same  way,  the  harmonic  5ths  and  3ds  overpower  other 
overtones ;  for  we  have  the  string  subdividing  again  and 
again  into  overtones,  which  are  not  harmonious  like  the  notes 
of  the  common  chord  of  the  fundamental. 

The  presence  of  overtones,  resultant  tones,  and  additional 
tones,  which  latter  will  be  described  hereafter,  can  be  demon- 
strated, without  damping  the  strings,  by  the  resonators,  in- 
vented by  Helmholtz.  It  is  well  known  that,  if  a  glass  tube, 
closed  at  one  end,  which  contains  a  column  of  air  of  a  certain 
length,  be  brought  near  a  resounding  body  sounding  a  note 
identical  with  that  produced  by  the  vibrations  of  the  column 
of  air,  the  air  in  the  tube  will  resound  in  consonance  with  the 
note.  If,  for  example,  we  have  a  tube  sounding  C,  a  tuning- 
fork  of  the  same  tone  sounded  near  the  tube  will  throw 
the  air  in  the  tube  into  action,  and  will  produce  a  powerful 
sound,  while  no  other  note  will  have  this  effect.  The  reso- 
nators of  Helmholtz  are  constructed  on  this  principle.  A 
glass  globe  or  tube  (Fig.  14)  is  constructed  so  as  to  produce  a 
certain  tone.  This  has  a  larger  opening,  a,  and  a  smaller 
opening,  b,  which  latter  is  fitted  in  the  ear  by  warm  sealing- 
wax,  the  other  ear  being  closed.  When  the  proper  note  is 
sounded,  it  is  reenf orced  by  the  resonator  and  is  greatly  in- 
creased in  intensity,  while  all  other  notes  are  heard  very 
faintly.  Suppose,  now,  that  we  apply  this  to  the  detection 
of  overtones !  We  fix  in  the  ear  a  resonator  adjusted  to  G, 
and  sound  the  fundamental,  C.  The  fundamental,  C,  is  im- 
perfectly heard,  but  the  overtone,  G,  is  reenforced,  and  we 
have  a  loud  and  distinct  sound  of  the  5th.  By  using  resona- 
tors graduated  to  the  musical  scale,  we  can  easily  analyze  a 
tone  and  distinguish  the  overtones.  In  the  same  way,  if  we 
fix  in  the  ear  a  resonator  tuned  to  a  particular  note  and  strike 
a  succession  of  chords  on  the  piano,  the  general  sound  is  im- 
perfectly heard;  but,  whenever  we  strike  the  note  of  the 
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resonator,  this  is  clearly  distinguished,  to  the  practical  ex- 
clusion of  all  others,  and  we  can  thus  analyze  complicated 
chords  into  each  of  their  constituent  parts.  This  experiment 
shows  the  similarity  between  chords,  resolved  into  their  con- 
stituent parte,  and  single  tones,  resolved  into  their  harmonics, 


or  overtones.  The  resonators  of  Helmholtz,  which  are  open 
at  the  larger  extremity,  are  infinitely  more  delicate  than  those 
in  which  this  ie  closed  by  a  membrane.1 

A  very  beautiful  and  instructive  point  in  the  present  dis- 
cussion is  the  following :  All  the  overtones  are  produced  by 
vibrations  of  segments  of  the  string  included  between  the 
comparatively  still  points,  called  nodes ;  and,  if  we  cause  a 
string  to  vibrate  by  plucking  or  striking  it  at  one  of  these 
nodal  points,  we  abolish  the  overtones  which  vibrate  from 
this  node  at  a  fixed  point.     For  example,  if  we  pluck  the 
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string  at  its  exact  centre,  we  sound  the  fundamental,  but  have 
a  dull  tone,  which  is  deficient  in  the  overtones  of  the  octaves. 
We  can  demonstrate  the  fact  that  these  overtones  are  absent, 
for,  if  we  damp  the  string  at  its  centre,  the  fundamental  is 
quenched,  but  we  have  no  octaves,  which  are  always  heard  on 
damping  the  centre  when  the  string  is  plucked  at  other  points. 
In  the  same  way,  by  plucking  the  string  at  different  points, 
we  can  abolish  the  overtones  of  5ths,  3ds,  etc.  It  is  readily 
understood  that,  when  a  string  is  plucked  at  any  point,  it  will 
vibrate  so  vigorously  at  this  point  that  no  node  can  be  formed. 
This  fact  has  long  been  recognized  by  practical  musicians, 
though  many  are  probably  unacquainted  with  its  scientific 
explanation.  Performers  on  stringed  instruments  habitu- 
ally attack  the  strings  near  their  extremities.  In  the  pi- 
ano, where  the  strings  may  be  struck  at  almost  any  point, 
the  hammers  are  placed  at  from  \  to  \  of  their  extremities ; 
and  it  has  been  ascertained  by  experience  that  this  gives  the 
richest  tones.  The  nodes  formed  at  these  points  would  pro- 
duce the  Yths  and  9ths  as  overtones,  which  do  not  belong  to 
the  perfect  major  chord,  while  the  nodes  for  the  harmonious 
overtones  are  undisturbed.1  The  reason,  then,  why  the  tones 
are  richer  and  more  perfect,  when  the  strings  are  attacked 
at  this  point,  is  that  the  harmonious  overtones  are  full  and 
perfect,  and  certain  of  the  discordant  overtones  are  suppressed. 
The  facility  with  which  certain  notes  may  be  produced  on 
the  cornet  affords  another  illustration  of  the  natural  subdi- 
vision of  tones.  In  some  parts  of  the  scale,  the  open  notes 
are  the  tonic,  8th,  5th,  and  3d;  that  is,  these  notes  can  be 
produced  by  the  lips  and  the  currents  of  air,  without  altering 
the  length  of  the  column  of  air  in  the  instrument  by  the 
valves.  While  some  other  of  the  notes  in  the  scale  may  be 
produced  by  the  action  of  the  lips  alone,  they  are  formed  in 
this  way  with  uncertainty  and  difficulty.  "  We  can  sound,  for 
example,  the  minor  3d,  the  4th,  or  the  6th,  with  the  lips ;  but 
these  tones  are  more  exact  when  we  use  the  valves,  as  is  al- 

1  Hklicholtz,  Theorie  physiologique  de  la  mutiqus,  Paris,  1868,  p.  109. 
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most  always  done.  But  the  notes  of  the  common  major 
chord,  especially  the  8th  and  5th,  are  produced  without  using 
the  valves ;  for  the  column  of  air  in  the  instrument  has  a  nat- 
ural tendency  to  divide  itself  into  its  harmonic  tones. 

It  was  ascertained  in  the  middle  of  the  last  century,  by 
Sorge  and  by  Tartini,  that  when  two  harmonious  tones  are 
produced  under  favorable  circumstances,  we  can  hear,  in  ad- 
dition to  the  two  sounds,  a  sound  differing  from  both,  and 
much  lower  than  the  lower  of  the  two.  This  sound  is  too 
low  for  an  harmonic,  and  has  been  called  a  resultant  tone. 
The  formation  of  a  new  sound  by  combining  two  sounds  of 
different  pitch  is  analogous  to  the  blending  of  colors  in  optics, 
except  that  the  primary  sounds  are  not  lost.  The  laws  of  the 
production  of  these  resultant  sounds  are  very  simple.  When 
two  tones  in  harmony  are  sounded,  the  resultant  tone  is  equal 
to  the  difference  between  the  two  primaries.  For  example,  if 
we  sound  0,  with  48  vibrations,  and  its  5th,  with  72  vibra- 
tions in  a  second,  the  resultant  tone  is  equal  to  the  difference, 
which  is  24  vibrations,  and  is  consequently  the  octave  below 
0 ;  or,  if  we  sound  C,  with  48  vibrations,  and  its  3d,  with  60, 
we  have  a  resultant  tone  two  octaves  below  C,  the  number  of 
vibrations  being  12.1  These  resultant  tones  are  very  feeble  as 
compared  with  the  primary  tones,  and  can  only  be  heard  un- 
der the  most  favorable  experimental  conditions.  In  addition 
to  these  sounds,  Helmholtz  has  discovered  sounds,  even  more 
feeble,  which  he  calls  additional,  or  summation  tones.9  The 
value  of  these  is  equal  to  the  sum  of  vibrations  of  the  primary 
tones.  For  example,  C  24  and  its  5th,  36,  would  give  a  sum- 
mation tone  of  60  vibrations,  or  the  octave  of  the  3d ;  and  C 
24  with  its  3d,  30,  would  give  54  vibrations,  the  octave  of 
the  2d.  These  tones  can  readily  be  distinguished  by  means 
of  the  resonators  already  described.* 

1  These  numbers  are  used  merely  in  illustration.    A  sound  of  12  vibrations 
does  not  come  within  the  musical  scale. 

*  Helmholtz,  TMorie  phytiologique  de  la  munquey  Paris,  1868,  p.  192. 

*  See  page  184. 
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It  is  thus  seen  that  musical  sounds  are  excessively  com- 
plex. With  single  sounds,  we  have  an  infinite  variety  and 
number  of  harmonics,  or  overtones,  and  in  chords,  which  will 
be  treated  of  more  fully  under  the  head  of  harmony,  we  have 
a  series  of  resultants,  which  are  lower  than  the  primary  tones, 
and  a  series  of  additional,  or  summation  tones,  which  are 
higher ;  but  both  the  resultant  and  the  summation  tones  bear 
an  exact  mathematical  relation  to  the  primary  tones  of  the 
chord. 

Harmony. — We  have  discussed  the  overtones,  resultant 
tones,  and  summation  tones  of  strings  rather  fully,  for  the 
reason  that,  in  the  physiology  of  audition,  we  shall  see  that 
the  ear  is  capable  of  recognizing  single  sounds,  or  successions 
of  single  sounds ;  but,  at  the  same  time,  certain  combinations 
of  sounds  are  appreciated,  and  are  even  more  agreeable  than 
those  which  are  apparently  produced  by  simple  vibrations. 
Combinations  of  tones  which  thus  produce  an  agreeable  im- 
pression are  called  harmonious.  They  seem  to  become  blended 
with  each  other  into  a  complete  sound  of  peculiar  quality,  all 
of  the  different  vibrations  entering  into  their  composition 
being  simultaneously  appreciated  by  the  ear.  From  what  we 
have  learned  of  overtones,  it  is  evident  that  few  musical  sounds 
are  really  simple,  and  that  those  which  are  simple  are  want- 
ing in  richness,  while  they  are  perfectly  pure.  The  blending 
of  tones  which  bear  to  each  other  a  certain  mathematical  rela- 
tion is  called  harmony ;  but  two  or  more  tones,  though  each 
one  be  musical,  are  not  necessarily  harmonious.  The  most 
prominent  overtone,  except  the  octave,  is  the  5th,  with  ita 
octaves,  and  this  is  called  the  dominant.  The  next  is  the 
3d,  with  its  octaves.  The  other  overtones  are  comparatively 
feeble.  Reasoning,  now,  from  our  knowledge  of  the  rela-  ' 
tions  of  overtones,  we  might  infer  that  the  reenforcement  of 
the  5th  and  3d  by  other  notes  bearing  similar  relations  to  the 
tonic  would  be  agreeable.  This  is  the  fact,  and  it  was  ascer- 
tained empirically  long  before  the  pleasing  impression  pro- 
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duced  by  such  combinations  was  explained  mathematically. 
We  do  not  propose  to  enter  into  a  full  discussion  of  the  laws 
of  harmony,  but  a  knowledge  of  certain  of  these  laws  is  es- 
sential to  the  comprehension  of  the  physiology  of  audition. 
These  are  very  simple,  now  that  we  have  analyzed  the  tone 
of  a  single  vibrating  body. 

It  is  a  law  in  music,  that  the  more  simple  the  ratio  be- 
tween the  number  of  vibrations  in  two  sounds,  the  more  per- 
fect is  the  harmony.  The  simplest  relation,  of  course,  is 
1  :  1,  when  the  two  sounds  are  said  to  be  in  unison.  The 
next  in  order  is  1  :  2.  If  we  sound  0  and  its  8th,  we  have, 
for  example,  24  vibrations  of  one  to  48  of  the  other.  These 
sounds  can  produce  no  discord,  because  the  waves  never  inter- 
fere with  each  other,  and  the  two  sounds  can  be  prolonged 
indefinitely,  always  maintaining  the  same  relations.  The 
combined  impression  is  therefore  continuous.  The  next  in 
order  is  the  1st  and  5th,  their  relations  being  2:3.  In  . 
other  words,  with  the  1st  and  5th,  for  two  waves  of  the 
1st,  we  have  three  waves  of  the  5th.  The  two  sounds  may 
thus  progress  indefinitely,  for  the  waves  coincide  for  every 
second  wave  of  the  1st  and  every  third  wave  of  the  5th. 
The  next  in  order,  if  we  sound  at  the  same  time  the  1st, 
5th,  and  8th,  is  the  3d.  The  3d  of  0  has  the  8th  of  C  for 
its  5th,  and  the  5th  of  C  for  its  minor  3d.  The  1st,  3d,  5th, 
and  8th  form  the  common  major  chord ;  and  the  waves  of 
each  tone  blend  with  each  other  at  such  short  intervals  of 
time  that  the  ear  experiences  a  continuous  impression,  and  no 
discord  is  appreciated.  This  explanation  of  the  common  ma- 
jor chord  illustrates  the  law  that,  the  smaller  the  ratio  of  vi- 
bration between  different  tones,  the  more  perfect  is  their  har- 
mony. Sounded  with  the  1st,  the  4th  is  more  harmonious 
than  the  3d ;  but  its  want  of  harmony  with  the  5th  excludes 
it  from  the  common  chord.  The  1st,  4th,  and  8th  are  har- 
monious, but  to  make  a  complete  chord  we  must  use  the  6th. 
These  discussions  might  be  extended  into  the  progression  of 
chords  and  modulation ;  but  this  is  not  essential  to  our  pur- 
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pose,  as  we  wish  only  to  ascertain  the  laws  of  the  vibrations 
of  sounds  in  harmony  and  the  mechanism  of  discords. 

Discords. — A  knowledge  of  the  mechanism  of  simple  ac- 
cords enables  us  to  understand  more  easily  the  rationale  of 
discords,  and  vice  versa.  As  in  the  case  of  harmony,  the 
fact  that  certain  combinations  of  musical  tones  produce  a 
disagreeable  impression  was  ascertained  empirically,  with  no 
knowledge  of  the  exact  cause  of  the  palpable  dissonance. 
Thanks  to  the  labors  of  modern  physicists,  however,  the 
mechanism  of  discords  is  now  pretty  well  settled.  We  shall, 
in  our  explanation,  begin  with  a  combination  of  tones  slightly 
removed  from  perfect  unison. 

Suppose,  for  example,  that  we  have  two  tuning-forks  giv- 
ing precisely  the  same  numbers  of  vibrations  in  a  second ; 
the  tones  are  then  in  perfect  unison.  We  load  one  of  the 
forks  with  a  bit  of  wax,  so  that  its  vibrations  are  slightly  re- 
duced, and  start  them  both  in  vibration  at  the  same  instant. 
Taking  the  illustration  given  by  Tyndall,  we  assume  that  one 
fork  has  256,  and  the  other,  255  vibrations  in  a  second. 
While  these  two  forks  are  vibrating,  we  have  one  gradually 
gaining  upon  the  other ;  but,  at  the  end  of  half  a  second,  one 
will  have  made  128  vibrations,  while  the  other  will  have 
made  127£.  At  this  point  the  two  waves  are  in  direct  oppo- 
sition to  each  other ;  they  are  moving  in  exactly  opposite  di- 
rections ;  and,  as  a  consequence,  the  sounds  neutralize  each 
other,  and  we  have  an  instant  of  silence.1    The  perfect  sounds, 

1  It  is  almost  essential  to  this  point  in  our  argument  to  ascertain  if  two 
sounds  in  unison,  so  arranged  that  the  maximum  of  the  waves  of  one  will  coin- 
cide with  the  minimum  of  the  waves  of  the  other,  will,  when  thus  combined, 
produce  silence.  This  fact  has  been  illustrated  by  an  example,  which  we  quote 
from  Helmholtz : 

"  Suppose  that  we  have  two  organ-pipes,  precisely  similar,  tuned  in  unison, 
placed  near  each  other  upon  the  same  sound-board.  Each  one,  sounded  simply 
by  a  current  of  air,  gives  an  intense  tone ;  but  if  the  current  of  air  strike  them 
both  simultaneously,  the  movement  of  the  air  is  modified  in  such  a  manner,  that 
the  current  enters  one  of  the  pipes  when  it  emerges  from  the  other ;  no  sound 
strikes  the  ear  of  an  observer  at  a  little  distance,  who  then  can  only  hear  the 
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as  the  two  forks  continue  to  vibrate,  are  thus  alternately  re- 
enforced  and  diminished,  and  we  have  what  are  known  in 
music  as  beats.  As  the  difference  in  the  number  of  vibra- 
tions in  a  second  is  one,  we  have  the  instants  of  silence  occur- 
ring once  in  a  second ;  and,  in  this  illustration,  the  beats 
occur  once  a  second.  Unison  takes  place  when  two  sounds 
can  follow  each  other  indefinitely,  their  waves  blending  per- 
fectly ;  dissonance  is  marked  by  successive  beats,  or  pulses. 
If  we  now  load  forks  so  that  one  will  vibrate  240  times  in  a 
second,  and  the  other  234,  there  will  be  six  times  in  a  second 
when  the  interference  will  be  manifest ;  or,  to  make  it  plain- 
er, in  £  of  a  second,  one  fork  will  make  40  vibrations,  while 
the  other  is  making  39.  We  shall  then  have  6  beats  in  a  sec- 
ond. From  these  experiments,  the  law  may  be  deduced,  that 
the  number  of  beats  produced  by  two  tones  not  in  harmony 
is  equal  to  the  difference  between  the  two  rates  of  vibration.1 
An  analogous  interference  of  undulations  is  observed  in 
optics,  when  waves  of  light  are  made  to  interfere  and  pro- 
duce darkness. 

It  is  evident  that  the  number  of  beats  will  increase  as  we 
sound  two  discordant  tones  higher  and  higher  in  the  scale. 
According  to  Helmholtz,  the  beats  can  be  recognized  up  to 
132  in  a  second.  Seyond  that  point,  they  become  confused, 
and  we  have  only  a  sensation  of  dissonance,  or  roughness.' 
We  can  illustrate  this  point  very  satisfactorily  by  a  simple 
experiment  upon  the  piano.  Let  us  take  two  tones,  the  high- 
est on  the  scale,  separated  from  each  other  by  a  semitone. 
When  we  strike  these  two  notes  together,  we  have  a  disa- 
greeable sensation  of  dissonance,  but  no  appreciable  beats, 
because,  the  rate  of  vibration  of  each  note  being  high,  the 
difference  is  great  and  the  beats  are  too  rapid  to  be  appre- 
ciated as  such.    We  strike,  now,  the  two  notes  an  octave  be- 

rushing  of  the  air."    (Helmholtz,  Thkorie  phyMoffique  de  la  mutique,  Paris, 
1868,  p.  201.) 

1  Tybdaia,  Sound,  London,  1867,  p.  268. 

•  Helmholtz,  op.  ciL,  p.  217. 
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low ;  still  we  have  dissonance,  less  disagreeable,  but  no  beats. 
Passing  down,  an  octave  at  a  time,  as  the  numbers  of  vibra- 
tions become  smaller,  the  difference  between  them  is  less,  and 
there  are  fewer  beats  in  a  second,  until  they  are  readily  ap- 
preciated as  beats  and  can  even  be  counted. 

Beats,  then,  are  due  to  interference  of  sound-waves,  and 
the  number  in  a  second  is  equal  to  the  difference  in  the  rate 
of  vibrations.  When  these  are  too  rapid  to  be  appreciated  as 
beats,  we  have  simply  a  sensation  of  discord.  There  is  no  in- 
terference of  the  waves  of  tones  in  unison,  provided  the 
waves  start  at  the  same  instant ;  the  intensity  of  the  sound 
being  increased  by  reenf orcement.  The  differences  between 
the  1st  and  8th,  the  1st  and  5th,  the  1st  and  3d,  and  other 
harmonious  combinations,  is  so  great  that  we  have  no  beats 
and  no  discord,  the  more  rapid  waves  reenforcing  the  har- 
monics of  the  primary  sound.  It  is  important  to  remember, 
in  this  connection,  that  resultant  tones  are  equal  to  the  differ- 
ence in  the  rates  of  vibration  of  two  harmonious  tones.  If 
we  take  a  note  of  240  vibrations,  and  its  5th,  with  360  vibra1 
tions,  these  two  have  a  difference  of  120,  which  is  the  lower 
octave  of  the  1st  and  is  an  harmonious  tone. 

It  is  evident  that  the  laws  which  we  have  thus  stated  are 
equally  applicable  to  overtones,  resultant  tones,  and  addi- 
tional tones,  which  have  their  beats  and  dissonances,  as  well 
as  the  primary  tones. 

Tones  h/  Influence  {Consonance). — The  term  consonance 
is  generally  applied  to  the  harmonious  combinations  of  two 
or  more  sounds,  and  is  synonymous  with  accord,  as  it  is  used 
in  music.  In  this  sense,  it  is  opposed  to  dissonance,  or  dis- 
cord. By  some  writers,  however,  consonance  is  used  to  de- 
note sounds  produced  in  sonorous  bodies  by  the  influence 
of  sounds  in  unison.  If,  for  example,  we  have  a  bell  tuned 
to  a  certain  note,  and  bring  near  its  opening  a  tuning-fork 
vibrating  in  unison  with  this  note,  the  bell  will  sound  vigor- 
ously in  unison,  though  it  is  influenced  only  by  the  vibra- 
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tions  in  the  air  produced  by  the  primary  tone.  We  have 
already  spoken  of  this  under  the  head  of  resonance ; &  and 
sounds  produced  in  this  way  are  properly  called  tones  by  in- 
fluence. 

It  is  evident  that  the  mechanism  of  the  production  of 
tones  by  influence  cannot  be  neglected  in  studying  the  physi- 
ology of  audition.  We  have,  as  an  important  part  of  the  au- 
ditory apparatus,  the  membrane  of  the  tympanum,  capable  of 
various  degrees  of  tension,  which  is  thrown  into  vibration  in 
obedience  to  waves  of  sound  conducted  by  the  atmosphere ; 
and  it  will  be  an  important  point  to  determine  how  far  the 
vibrations  of  this  membrane  are  affected  by  the  laws  of  the 
production  of  tones  by  influence. 

After  what  we  have  learned  of  the  laws  of  musical  vibra- 
tions, it  will  be  easy  to  comprehend  the  production  of  tones 
by  influence.  We  shall  take  first  the  most  simple  example, 
applied  to  strings.  If  we  gently  touch  the  note  C  upon  the 
piano,  so  as  to  raise  the  damper  but  not  sound  the  string,  and 
then  sing  a  note  in  unison,  the  string  will  return  the  sound, 
by  the  influence  of  the  sound-waves.  The  sound  thus  pro- 
duced by  the  string  will  have  its  fundamental  tone  and  over- 
tones ;  but  the  series  of  overtones  will  be  complete ;  for  none 
of  the  nodes  are  abolished,  as  in  striking  or  plucking  the 
string  at  any  particular  point.  If,  instead  of  the  note  in 
unison,  we  sing  any  of  the  octaves,  the  string  will  return  the 
note  sung ;  and  the  same  is  true  of  the  3d,  5th,  etc.  If  we 
now  strike  a  chord  in  harmony  with  the  undamped  string, 
this  chord  will  be  exactly  returned  by  influence.  In  other 
words,  a  string  may  be  made  to  sound  by  influence,  its  funda- 
mental note,  its  harmonics,  and  harmonious  combinations. 
To  carry  the  observation  still  farther,  the  string  will  return, 
not  only  a  note  of  its  exact  pitch  and  its  harmonics,  but 
notes  of  the  quality  of  the  primary  tone.  This  is  a  very  im- 
portant point  in  its  applications  to  the  physiology  of  hearing, 
and  can  be  readily  illustrated.    Taking  identical  tones  in  sue- 

1  See  page  184. 
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cession,  produced  by  the  voice,  trumpet,  violin,  clarinet,  or 
other  musical  instruments,  it  can  be  easily  noted  that  the 
quality  of  the  tone,  as  well  as  the  pitch,  is  rendered  by  a  re- 
sounding string;  and  the  same  is  true  of  combinations  of 
tones. 

The  above  laws  of  tones  by  influence  have  been  illustrated 
by  strings  merely  for  the  sake  of  simplicity ;  but  they  have 
a  more  or  less  perfect  application  to  all  bodies  capable  of  pro- 
ducing musical  tones,  except  that  some  are  thrown  into  vibra- 
tion with  more  difficulty  than  others.  An  interesting  appli- 
cation of  these  laws,  however,  particularly  with  reference  to 
the  physiology  of  the  ear,  is  in  the  case  of  stretched  mem- 
branes ;  for  this  brings  to  our  mind  the  possible  action  of  the 
membnn*  tympani. 

If  we  have  a  thin  membrane,  like  a  piece  of  bladder  or 
thin  rubber,  stretched  over  a,  circular  orifice,  such  as  the 
mouth  of  a  wide  bottle,  this  can  be  tuned  to  a  certain  note. 
When  arranged  in  this  way,  the  membrane  can  be  made  to 
sound  its  fundamental  note  by  influence.  In  addition,  the 
membrane,  like  a  string,  will  divide  itself  so  as  to  sound  the 
harmonics  of  the  fundamental,  and  will  likewise  be  thrown 
into  vibration  by  the  5th,  3d,  etc.,  of  its  fundamental  tone, 
thus  obeying  the  laws  of  vibrations  of  strings,  though  the 
harmonic  sounds  are  produced  with  greater  difficulty. 

At  about  the  beginning  of  this  century,  Ohladni  demon- 
strated the  spontaneous  division  of  vibrating  plates  and  mem- 
branes by  a  very  simple  experiment1  He  covered  the  surface 
with  a  delieate,  uniform  layer  of  fine  sand.  Arranged  in  this 
way,  it  is  evident  that  the  sand  would  be  thrown  off  from 
the  vibrating  portions  and  collected  upon  those  portions  which 
remained  comparatively  quiescent,  provided  that  the  surface 
became  divided  into  different  areas  of  vibration.  This  was 
ascertained  to  be  the  fact.  When  the  fundamental  tone  was 
sounded,  the  entire  plate  was  thrown  into  vibration,  and  the 
sand  was  collected  in  a  circular  line  near  its  periphery ;  and, 

1  Chladni,  Die  Akvttik,  Leipzig,  1802,  &  iri,  78,  et  *?.,  and  S.  118,  d  $eq. 
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with  each  harmonic,  a  smaller  circle  was  produced.  These 
marked  the  nodal  lines,  which  correspond  to  the  harmonic 
nodes  of  vibrating  strings.  Chladni  applied  these  observa- 
tions to  the  vibrations  of  round  and  square  plates  of  glass 
fixed  at  the  centre,  damped  by  the  finger  at  various  points, 
and  thrown  into  vibration  by  a  violin-bow.  "  In  1824,  Savart 
repeated  many  of  the  experiments  of  Chladni,  and  extended 
them  to  the  membrana  tympani  of  the  human  subject,  in 
which  he  observed  analogous  phenomena,  though  they  were 
less  distinct,  on  account  of  the  small  extent  of  the  vibrating 
surface.1  Of  course,  the  vibrations  of  the  membrana  tym- 
pani must  take  place  in  accordance  with  physical  laws ;  but 
how  far  these  laws  are  applicable  to  the  physiology  of  audi- 
tion, is  a  question  which  we  shall  discuss  fully  in  connection 
with  the  functions  of  different  portions  of  the  auditory  ap- 
paratus. 

We  have  thus  discussed  various  points  in  the  physics  of 
sound,  some  of  them  with  an  elaborateness  which  might  seem 
out  of  place  in  a  work  on  physiology.  It  must  be  remem- 
bered, however,  that  the  laws  of  acoustics  are  nearly  all  defi- 
nitely settled ;  that  we  have  an  absolutely-certain  mathemat- 
ical demonstration  of  the  laws  of  musical  vibrations;  and 
that  the  ear  recpgnhses  these  laws,  and  recognized  them  long 
before  they  were  ascertained  by  physical  experimentation,  for 
certain  sounds  and  combinations  of  sound  simply  give  pleas- 
ure, while  others  are  disagreeable  and  discordant.  It  is  suffi- 
ciently evident  that,  if  musical  combinations  be  subjected  to 
certain  inevitable  laws,  these  laws  form  the  only  true  basis  of 
the  study  of  the  mechanism  of  audition.  It  will  be  found, 
indeed,  that  no  point  has  been  discussed  in  this  chapter,  that 
is  not  essential  to  a  clear  comprehension  of  the  physiology  of 
hearing. 

1  Sayabt,  Recherche*  aur  lea  wages  de  la  membrana  du  tympan  tt  de  VoretiU 
externe.-~Journal  da  pkyaiologie,  Paris,  1824,  tome  iv.,  p.  188,  at  aag. 
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USES  OP  DIFFEEENT  PARTS  OF  THE  AUDITOEY  APPARATUS. 

Uses  of  the  external  ear—Structure  of  the  membrana  tympani — Uses  of  the 
membrana  tympani — Variations  in  tension — Vibrations  of  the  membrane 
by  influence—Destruction  of  the  membrana  tympani— Appreciation  of  the 
pitch  of  tones — Mechanism  of  the  ossicles  of  the  ear — Articulations  and  at- 
tachments of  the  ossicles — Physiological  anatomy  of  the  internal  ear— Gen- 
eral arrangement  of  the  membranous  labyrinth — Vestibule  Semicircular 
canals — Cochlea — Liquids  of  the  labyrinth — Distribution  of  nerves  in  the 
cochlea — Organ  of  Corti — Functions  of  different  parts  of  the  internal  ear — 
Functions  of  the  semicircular  canals — Functions  of  the  parts  contained  in 
the  cochlea — Summary  of  the  mechanism  of  audition. 

The  uses  of  the  pavilion  of  the  ear  and  of  the  external 
auditory  meatus  are  sufficiently  apparent.  The  pavilion 
serves  to  collect  the  waves  of  sound,  and  probably  inclines 
them  toward  the  external  meatus  as  they  come  from  various 
directions.  Though  this  action  is  simple,  it  undoubtedly  has 
a  certain  degree  of  importance,  and  the  various  curves  of 
the  concavity  of  the  pavilion  tend  more  or  less  to  concen- 
trate the  sonorous  vibrations.  Such  has  long  been  the  opin- 
ion of  physiologists,  and  this  seems  to  be  carried  out  by  ex- 
periments in  which  the  concavities  of  the  external  ear  have 
been  obliterated  by  wax.1  There  is,  probably,  no  resonance 
or  vibration  of  much  importance  until  the  waves  of  sound 
strike  the  membrana  tympani.  The  same  remarks  may  be 
made  with  regard  to  the  external  auditory  meatus.  We  do 
not  know  precisely  how  the  obliquity  and  the  curves  of  this 
canal  affect  the  waves  of  sound,  but  we  may  suppose  that  the 
deviation  from  a  straight  course  protects,  to  a  certain  degree, 

1  Lonor,  TraUS  de  physiologie,  Paris,  1869,  tome  iii.,  p.  14. 
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the  tympanic  membrane  from  impressions  that  might  other- 
wise be  too  violent. 

Structure  of  the  Membrana  Tympcmi. — The  general  ar- 
rangement of  the  membrana  t ympani  has  already  been  de- 
scribed in  connection  with  the  topographical  anatomy  of  the 
auditory  apparatus  This  structure,  which  is  of  great  impor- 
tance  in  the  physiology  of  hearing,  is  delicate,  elastic,  about 
the  thickness  of  ordinary  gold-beater's  skin,  and  is  subject  to 
various  degrees  of  tension,  from  the  action  of  the  muscles  of 
the  middle  ear  and  different  conditions  of  atmospheric  press- 
ure within  and  without  the  cavity  of  the  tympanum.  Its 
form  is  nearly  circular.  From  a  number  of  accurate  meas- 
urements of  its  diameter  in  the  adult,  by  Sappey,  we  may  as- 
sume that  its  ring  measures  a  little  more  than  £  of  an  inch 
vertically  and  about  £  of  an  inch  antero-posteriorly.  The  ex- 
cess of  the  vertical  over  the  horizontal  diameter  is  about  J^ 
of  an  inch."  Notwithstanding  the  assertion  xof  some  of  the 
older  anatomists,  that  the  tympanic  membrane  presents  one 
or  two  small  perforations,  it  is  now  almost  universally  re- 
garded as  forming  a  complete  division,  without  openings,  be- 
tween the  external  meatus  and  the  middle  ear ;  or,  if  any 
openings  exist,  they  are  exceedingly  minute. 

The  periphery  of  the  tympanic  membrane  is  received  into 
a  little  ring  of  bone,  which  may  be  separated  by  maceration 
in  early  life,  but  which  is  consolidated  with  the  adjacent 
bony  structures  in  the  adult.  This  bony  ring  is  incomplete 
at  its  superior  portion,  but,  aside  from  this,  resembles  the 
groove  which  receives  the  crystal  of  a  watch.  At  the  periph- 
ery of  the  membrane,  is  a  ring  of  condensed  fibrous  tissue, 
which  is  received  into  the  bony  ring.  This  ring  also  pre- 
sents a  break  at  its  superior  portion. 

The  concavity  of  the  membrana  tympani  presents  out- 

1  See  p.  155. 

*  Sappey,  TraUS  (Tanatomit,  Paris,  1871,  p.  801.    The  above  measurements 
are  given,  assuming  that  the  position  of  the  membrane  is  vertical. 
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ward,  and  may  be  increased  or  diminished  by  the  action  of 
the  muscles  of  the  middle  ear.  The  point  of  greatest  con- 
cavity, wh^re  the  extremity  of  the  handle  of  the  malleus  is 
attached,  is  called  the  umbo.  Yon  Troltsch  has  described, 
upon  the  inner  surface  of  the  membrane,  two  pouches,  or 
pockets.  One  is  formed  by  a  small,  irregular,  triangular  fold 
situated  at  the  upper  part  of  its  posterior  half,  and  consisting 
of  a  process  of  the  fibrous  layer.  This,  which  is  called  the 
posterior  pocket,  is  open  below,  and  extends  from  the  poste- 
rior upper  border  of  the  membrane  to  the  handle  of  the  mal- 
leus, which  it  assists  in  holding  in  position.  "  After  it  has 
been  divided,  this  bone  is  much  more  movable  than  before." 
The  anterior  pocket  is  lower  and  shorter  than  the  posterior. 
It  is  formed  by  a  small  bony  process  turned  toward  the  neck 
of  the  malleus,  by  the  mucous  membrane,  by  the  bony  pro- 
cess of  the  malleus,  by  its  anterior  ligament,  the  chorda  tym- 
pani,  and  the  anterior  tympanic  artery.1  The  handle  of  the 
malleus  is  inserted  between  the  two  layers  of  the  fibrous 
structure  of  the  membrana  tympani  and  occupies  the  upper 
half  of  its  vertical  diameter,  extending  from  the  periphery 
to  the  umbo. 

The  membrana  tympani,  though  thin  and  translucent, 
presents  three  distinct  layers.  Its  outer  layer  is  an  exces- 
sively delicate  prolongation  of  the  integument  lining  the  ex* 
ternal  meatus,  presenting,  however,  neither  papillae  nor  glands. 
The  inner  layer  is  a  delicate  continuation  of  the  mucous  mem- 
brane lining  the  tympanic  cavity,  and  is  covered  by  tessel- 
lated epithelial  cells.  The  fibrous  portion,  or  lamina  propria, 
is  formed  of  two  layers.  The  outer  layer  consists  of  fibres, 
radiating  from  the  handle  of  the  malleus  to  the  periphery. 
These  are  best  seen  near  the  centre.  The  inner  layer  is  com- 
posed of  circular  fibres,  which  are  most  abundant  near  the 
periphery,  and  diminish  in  number  toward  the  centre.  Be- 
tween these  two  layers,  are  fusiform  corpuscles,  described 
first  by  Von  Troltsch,"  which  resemble  the  corneal  corpuscles. 

1  Troltsch,  IHseasea  of  the  Ear,  New  York,  1869,  p.  82.  *  £oe.  eft. 
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The  color  of  the  membrana  tympani,  when  it  is  examined 
with  an  aural  speculum  by  daylight,  is  peculiar,  and  rather 
difficult  to  describe,  as  it  varies  in  the  normal  ear  in  different 
individuals.  Politzer  describes  the  membrane,  examined  in 
this  way,  as  translucent,  and  of  a  color  which  "  most  nearly 
approaches  a  neutral  gray,  mingled  with  a  weaker  tint  of  vio- 
let and  light  yellowish-brown." l  This  color  is  modified,  in 
certain  portions  of  the  membrane,  by  the  chorda  tympani 
and  the  bones  of  the  ear,  which  produce  some  opacity.  The 
entire  membrane  in  health  has  a  soft  lustre.  In  addition, 
there  is  seen,  with  proper  illumination,  a  well-marked,  trian- 
gular cone  of  light,  with  its  apex  at  the  end  of  the  handle  of 
the  malleus,  spreading  out  in  a  downward  and  forward  direc- 
tion, and  from  -^  to  -fa  of  an  inch  broad  at  its  base.  This 
appearance  is  regarded  by  pathologists  as  very  important,  as 
indicating  a  normal  condition  of  the  membrane.  It  is  un- 
doubtedly due  to  reflection  of  light,  depending  upon  three 
factors,  indicated  by  Roosa  as  follows :  "  First,  the  inclina- 
tion of  the  membrana  tympani  to  the  auditory  canal ;  second, 
the  traction  of  the  malleus,  which  renders  it  concave  at  the 
centre;  third,  its  polish  or  brilliancy."*  With  this  explana- 
tion, it  is  not  admitted  that  the  light  spot  is  due  to  a  peculiar 
structure  of  that  portion  of  the  membrane  upon  which  it  is 
seen. 

Uses  of  the  Membrana  Tympani. — It  is  unquestionable 
that  the  membrana  tympani  is  very  important  in  audition. 
In  cases  of  disease,  in  which  the  membrane  is  thickened,  per- 
forated, or  destroyed,  the  acuteness  of  hearing  is  always  more 
or  less  affected.  That  this  is  in  great  part  due  to  the  absence 
of  a  vibrating  surface  for  the  reception  of  waves  of  sound,  is 
shown  by  the  relief  which  is  experienced  by  those  patients 
who  can  tolerate  the  presence  of  an  artificial  membrane  of 

1  Politzer,  The  Membrana  Tympani  in  Health  and  ZKmom,  New  York, 
1869,  p.  28. 

*  Booba,  DfouMt  of  the  Ear,  New  York,  1878,  p.  189. 
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rubber,  when  this  is  introduced.  As  regards  the  mere  acute- 
ness  of  hearing,  aside  from  the  pitch  of  sounds,  the  explana- 
tion of  the  action  of  the  membrane  is  very  simple.  As  was 
shown  by  Miiller,1  sonorous  vibrations  are  not  readily  trans- 
mitted through  the  atmosphere  to  solid  bodies,  like  the  bones 
of  the  ear ;  and,  when  they  are  thus  transmitted,  they  lose 
considerably  in  intensity.  When,  however,  the  aerial  vibra- 
tions are  received  by  a  delicate  membrane,  under  the  condi- 
tions of  the  membrana  tympani,  they  are  transmitted  with 
very  little  loss  of  intensity;  and  if  this  membrane  be  con- 
nected with  solid  bodies,  like  the  bones  of  the  middle  ear, 
the  vibrations  are  readily  conveyed  to  the  sensory  portions  of 
the  auditory  apparatus.  The  parts  composing  the  middle  ear 
are  thus  admirably  adapted  to  the  transmission  of  sonorous 
waves  to  the  auditory  nerves.  The  membrane  of  the  tym- 
panum is  delicate  in  structure,  stretched  to  the  proper  degree 
of  tension,  and  vibrates  under  the  influence  of  the  waves  of 
sound,  as  has  been  clearly  demonstrated  by  Savart.'  Attached 
to  this  membrane,  is  the  chain  of  bones,  which  conducts  its 
vibrations,  like  the  bridge  of  a  violin,  to  the  liquid  of  the 
labyrinth.  The  membrane  is  fixed  at  its  periphery  and  has 
air  on  both  sides,  so  that  it  is  under  the  most  favorable  condi- 
tions for  vibration. 

A  study  of  the  mechanism  of  the  ossicles  and  muscles  of 
the  middle  ear  shows  that  the  membrana  tympani  is  subject 

1  MtJLLDt,  Element*  of  Physiology,  London,  1848,  voL  ii.,  p.  1248.  Miiller 
has  investigated  very  closely  the  physical  laws  of  the  transmission  of  sonorous 
vibrations  through  media  of  different  densities.  The  following  paragraph  illus- 
trates the  application  of  these  laws  to  the  physiology  of  the  middle  ear : 

"A  small  solid  body,  fixed  in  an  opening  by  meanc  of  a  border  of  membrane, 
so  as  to  be  movable,  communicates  sonorous  vibrations,  from  air  on  one  side, 
to  water,  or  the  fluid  of  the  labyrinth,  on  the  other  side,  much  better  than  solid 
media  not  so  constructed.  But  the  propagation  of  sound  to  the  fluid  is  rendered 
much  more  perfect  if  the  solid  conductor  thus  occupying  the  opening  (fenestra 
of  the  labyrinth)  is  by  its  other  end  fixed  to  the  middle  of  a  tense  membrane 
which  has  atmospheric  air  on  both  sides." 

*  Savabt,  Recherche*  *ur  let  usage*  de  la  membrane  du  tympan  et  de  VoreilU 
extern*.— Journal  de  physiologie,  Paris,  1824,  tome  iv.,  p.  208,  et  eeq. 
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to  certain  physiological  variations  in  tension,  due  to  contrac- 
tion of  the  tensor  tympani.  It  is  also  evident  that  this  mem- 
brane may  be  drawn  in  and  rendered  tense  by  exhausting  or 
rarefying  the  air  in  the  drum.  If  the  mouth  and  nose  be 
closed  and  we  attempt  to  breathe  forcibly  by  expanding  the 
chest,  the  external  pressure  tightens  the  membrane.  In  this 
condition,  Dr.  Wollaston  has  shown  that  the  ear  is  rendered 
insensible  to  grave  sounds,  but  that  high-pitched  sounds 
appear  to  be  more  intense.  If  the  tension  be  relieved,  as 
may  be  done  by  an  act  of  swallowing,  the  grave  sounds  are 
heard  with  normal  distinctness.  This  experiment,  tried  at  a 
concert,  produces  the  curious  effect  of  abolishing  a  great 
number  of  the  lowest  tones,  while  the  shrill  sounds  are  heard 
very  acutely.1  The  same  phenomena  are  observed  when  the 
external  pressure  is  increased  by  descent  in  a  diving-bell." 

Undoubted  cases  of  voluntary  contraction  of  the  tensor 
tympani  have  been  observed  by  otologists ;  and  in  these,  by 
bringing  this  muscle  into  action,  the.  limit  of  the  perception 
of  high  tones  is  greatly  increased.  In  two  instances  of  this 
kind,  recorded  by  Dr.  Blake,  of  Boston,  the  ordinary  limit 
of  perception  was  found  to  be  three  thousand  single  vibra- 
tions ;  and,  by  contraction  of  the  muscle,  this  was  increased 
to  five  thousand  single  vibrations.1 

The  admirable  experiments  of  Savart,  to  which  we  have 
already  alluded,  show  that  the  membrana  tympani  vibrates 

1  Wolla8TON,  On  Sounds  inaudible  by  Certain  Ears. — Philosophical  Transac- 
Hon*,  London,  1820,  p.  806,  et  seq. 

1  Todd,  Cydopmdia  of  Anatomy  and  Physiology,  London,  1886-1889,  voL  it, 
p.  575,  Article,  Hearing. 

8  Blake,  Summary  of  Results  of  Experiments  on  the  Perception  of  High  Musical 
Tones. — Trans,  of  the  American  Otological  Society,  Boston,  1872,  voL  v.,  p.  77. 

Other  cases  of  voluntary  contraction  of  the  tensor  tympani  have  been  ob- 
served Schapringer,  who  possessed  this  faculty,  was  able  to  contract  the 
muscle  so  as  to  render  all  notes  below  seventy  vibrations  inaudible,  while  the 
ligher  tones  were  more  readily  perceived  the  more  energetic  the  tension  of  the 
membrane.  (  Ueber  die  Contraction  des  Trommelfellspanners.—Sitzungberichte  der 
kaiserlichen  Akademie  der  Wissenschaften,  mathernatisch-naturtcissenschaftliche 
Classe,  Wien,  1870,  Bd.  lzil,  Zweite  Abtheilung,  &  572.) 
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by  influence,  when  it  is  brought  in  accord  with  a  given 
tone.  In  other  words,  this  membrane  obeys  the  laws  of 
consonance,  and  vibrates  strongly  by  the  influence  of  sounds 
in  unison  or  in  harmony  with  its  fundamental  tone.  The 
laws  of  vibrations  by  influence  have  been  folly  discussed  in 
the  preceding  chapter ; l  and  it  remains  for  us  now  to  deter- 
mine how  far  these  laws  are  applicable  to  the  physiology  of 
the  vibrations  of  the  membrana  tympani,  and  the  action  of 
these  vibrations  in  the  accurate  perception  of  musical  sounds. 

There  are  certain  phenomena  of  vibration  of  the  mem* 
brana  tympani  that  must  occur,  as  a  physical  necessity,  under 
favorable  conditions,  which  it  is  important  to  note  in  this 
connection ;  and  these  have  hardly  attracted  Sufficient  atten- 
tion at  the  hands  of  physiological  writers.  In  the  first  place, 
this  membrane  must  obey  the  laws  of  vibration  by  influence. 
It  is  undoubtedly  thrown  into  vibration  by  irregular  waves 
of  noise,  as  contradistinguished  from  musical  tones;  but 
when  a  tone  is  sounded  in  unison  with  its  fundamental 
tone,  or  when  the  tone  sounded  is  one  of  the  octaves  of  its 
fundamental,  it  must  undergo  a  vibration  by  influence,  like 
an  artificial  membrane.  If  we  suppose  the  membrane  to  be 
tuned  in  unison  with  a  certain  tone,  it  will  not  only  return 
this  tone  by  influence,  but  will  repeat  its  quality.  Not  only 
this,  when  a  combination  of  harmonious  tones  is  sounded, 
the  combined  sound  will  be  returned,  with  all  the  shades  in 
quality  which  the  combined  tones  produce.  On  account  of 
its  small  size,  the  sound  produced  by  the  exposed  membrane 
itself  cannot  be  heard ;  but  that  the  membrane  does  vibrate 
by  influence,  has  been  proven  by  experiments  with  small  par- 
ticles of  sand  on  its  surface. 

We  are  certainly  justified  in  supposing  that  vibrations  of 
the  membrana  tympani,  too  delicate  to  be  revealed  to  the 
eye  or  the  ear  in  objective  experiments,  may  be  appreciated 
by  the  auditory  nerves  as  a  subjective  phenomenon.  In  other 
words,  we  can  probably  appreciate  vibrations  in  our  own  tym- 

1  See  page  192. 
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panic  membrane,  when  these  would  be  too  delicate  to  be  ob- 
served by  the  eye  or  ear,  in  a  membrane  exposed  and  sub- 
jected to  similar  influences.  This  point  must  be  accepted  as 
probable ;  and  it  cannot  be  proven  by  direct  experiment.  If 
this  be  true,  the  most  complex  combinations  of  sound  pro- 
duced by  an  orchestra  might  be  actually  reproduced  by  the 
tympanic  membrane,  if  this  membrane  were  accurately  tuned 
to  the  fundamental  tone. 

The  arrangement  of  the  muscles  and  bones  of  the  middle 
ear  admits  of  the  possibility  of  tuning  the  membrana  tym- 
pani  with  exquisite  nicety.  These  muscles  are  sometimes  so 
far  under  the  control  of  the  will  that  we  can  tighten  the 
membrane  to  its  limit  by  a  voluntary  effort;  the  muscles 
are  of  the  striated  variety,  and  are  capable  of  rapid  action; 
they  are  supplied  with  motor  filaments  from  the  cerebro- 
spinal system ;  the  ear  is  fatigued  by  long  attention  to  par- 
ticular tones;  persons  not  endowed  with  what  is  termed  a 
musical  ear  cannot  appreciate  slight  distinctions  between  dif- 
ferent tones ;  the  ear  is  capable  of  education  in  the  appre- 
ciation of  pitch  and  in  following  rapid  successions  of  tones ; 
and,  in  short,  there  are  many  points  in  the  mechanism  of  the 
transmission  of  musical  sounds  in  the  ear  that  seem  to  in- 
volve muscular  action.  In  the  larynx,  we  are  conscious  of 
differences  in  the  tension  of  the  vocal  cords  only  from  differ- 
ences in  the  character  and  pitch  of  the  sounds  produced ;  in 
the  eye,  we  are  conscious  of  the  contraction  of  the  muscle  of 
accommodation  from  the  fact  that  an  effort  enables  us  to  see 
objects  distinctly  at  different  distances ;  and  it  is  not  impos- 
sible that,  under  ordinary  conditions,  the  consciousness  of 
contractions  of  the  muscles  of  the  middle  ear  maybe  revealed 
only  by  the  fact  of  the  correct  appreciation  of  certain  musical 
tones.  Some  persons  can  educate  the  ear  so  as  to  acquire 
what  is  called  the  faculty  of  absolute  pitch ;  that  is,  without 
the  aid  of  a  tuning-fork  or  any  musical  instrument,  they  can 
give  the  exact  musical  value  of  any  given  tone.  A  possible 
explanation  of  this  is  that  such  persons  may  have  educated 


204  SPECIAL  SENSES. 

the  muscles  of  the  ear  so  as  to  put  the  tympanic  membrane 
in  such  a  condition  of  tension  as  to  respond  to  a  given  note 
and  to  recognize  the  position  of  this  note  in  the  musical  scale. 
Finally,  an  accomplished  musician,  in  conducting  an  orchestra, 
can,  by  a  voluntary  effort,  direct  his  attention  to  certain  in- 
struments, and  hear  their  notes  distinctly,  separating  them, 
as  it  were,  from  the  general  mass  of  sound,  can  distinguish 
the  faintest  discords,  and  immediately  designate  a  single  in- 
strument making  a  false  note. 

The  fact  that  rapid  successions  of  notes  are  readily  appre- 
ciated does  not  of  necessity  argue  against  the  possibility  of 
following  these  notes  with  the  muscles  of  the  ear ;  for  the 
muscles  of  the  larynx  may  act  so  as  to  produce  successions 
of  notes  as  rapidly  as  they  can  be  correctly  appreciated.  Nor 
does  the  fact  that  we  must  prepare  the  tympanic  membrane 
for  certain  notes  militate  against  the  theory  we  have  just 
given,  for  musical  compositions  present  melodious  successions 
in  a  certain  scale,  the  notes  of  which  bear  well-defined  harmo- 
nious relations  to  each  other,  and  we  immediately  appreciate 
a  change  in  the  key,  which  is  simply  a  change  in  the  funda- 
mental. These  changes  in  the  key  must  be  made  in  accord- 
ance with  the  laws  of  modulation ;  otherwise  they  are  harsh 
and  grating.  Modulation  in  music  is  simply  a  mode  of  pass- 
ing from  one  key  to  another  by  certain  transition-notes  or 
chords,  which  seem  inevitably  to  lead  to  a  certain  key,  and  to 
no  other.  Finally,  the  laws  of  vibration  by  influence  show 
that  a  single  vibrating  membrane  returns  the  quality  as  well 
as  the  pitch  of  tones  and  combinations  of  tones  as  well. 

The  theory  we  have  just  given  of  the  possible  action  of 
the  membrana  tympani  is  an  elaboration  of  the  view  ad- 
vanced by  Everard  Home.1  Unfortunately  for  the  simplicity 
of  the  mechanism  of  hearing  and  the  idea  of  division  and 

1  Home,  On  the  Organ  of  Hearing. — Lecture*  on  Comparative  Anatomy,  Lon- 
don, 1828,  vol.  iii.,  p.  268,  et  neq.  In  this  article,  there  was  no  experimental 
proof  given  of  the  theory  advanced,  and  it  does  not  seem  that  the  laws  of  vibra- 
tion by  influence  were  fully  recognized.  The  author  erred,  also,  in  assuming  that 
the  membrana  tympani  itself  is  a  muscular  membrane.    It  Is  probably  for  these 
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isolation  of  function  in  different  parts,  which  is  so  seductive 
to  physiologists,  there  are  certain  facts  and  considerations 
which  prevent  us  from  adopting  it  absolutely  and  exclusively 
as  an  explanation  of  the  mechanism  of  the  appreciation  of 
musical  sounds.    These  are  the  following : 

Destruction  of  both  membranes  tympani  does  not  neces- 
sarily produce  total  deafness,  although  this  condition  involves 
considerable  impairment  of  hearing.  So  long  as  there  is  simple 
destruction  of  these  membranes,  the  bones  of  the  middle  ear 
and  the  other  parts  of  the  auditory  apparatus  being  intact, 
the  waves  of  sound  are  conducted  to  the  auditory  nerves, 
though  imperfectly.  In  a  remarkable  case  reported  by  Sir 
Astley  Cooper,  which  is  cited  by  most  writers  on  physiology, 
one  membrana  tympani  was  entirely  destroyed,  and  the  other 
was  nearly  gone,  there  being  some  parts  of  its  periphery  re- 
maining. In  this  person,  the  hearing  was  somewhat  im- 
paired, though  he  could  distinguish  ordinary  conversation 
pretty  well.  Fortunately  he  had  considerable  musical  taste, 
and  it  was  ascertained  that  his  musical  ear  was  not  seriously 
impaired ;  "  for  he  played  well  on  the  flute  and  had  frequently 
borne  a  part  in  a  concert.  I  speak  this,  not  from  his  author- 
ity only,  but  also  from  that  of  his  father,  who  is  an  excellent 
judge  of  music,  and  plays  well  on  the  violin :  he  told  me, 
that  his  son,  besides  playing  on  the  flute,  sung  with  much 
taste,  and  perfectly  in  tune." l  This  single  case,  if  its  details 
be  accurate— which  we  have  no  reason  to  doubt — shows  con- 
clusively that  the  correct  appreciation  of  musical  sounds  may 
exist  independently  of  the  action  of  the  membrana  tympani. 

There  is  now  one  consideration,  of  the  greatest  impor- 
tance, that  must  be  kept  in  view  in  studying  the  functions  of 

reasons  that  the  theory  has  received  so  little  consideration  by  later  writers.  It  is 
interesting,  however,  to  note  several  cases  reported  by  Home,  in  which  the  cor- 
rect appreciation  of  musical  sounds  was  temporarily  lost,  in  some  cases,  as  the 
result  of  a  nervous  affection,  and  in  others,  from  catarrh. 

1  Cooper,  Observation*  on  the  Effect*  which  take  place  from  the  Destruction  of 
the  Membrana  Tympani  of  the  Ear.  In  a  Letter  to  Evebabd  Home.— i%ik- 
sophical  Transactions,  London,  1800,  p.  155. 
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any  distinct  portion  of  the  auditory  apparatus,  like  the  mem- 
brana  tympani.  This,  like  all  other  parts  of  the  apparatus, 
except  the  auditory  nerves  themselves,  has  simply  an  acces- 
sory function.  If  the  regular  waves  of  a  musical  tone  be 
conveyed  to  the  terminal  filaments  of  the  auditory  nerves, 
these  waves  make  their  impression  and  the  tone  is  appre- 
ciated. It  makes  no  difference,  except  as  regards  intensity, 
how  these  waves  are  conducted ;  the  tone  is  appreciated  by 
the  impression  made  upon  the  nerves,  and  the  nerves  only. 
The  waves  of  sound  are  not  like  the  waves  of  light,  re- 
fracted, decomposed,  perhaps,  and  necessarily  brought  to  a 
focus  as  they  impinge  upon  the  retina ;  as  far  as  the  action  of 
the  accessory  parts  of  the  ear  are  concerned,  the  waves  of 
sound  are  unaltered ;  that  is,  the  rate  of  their  succession  re- 
mains absolutely  the  same,  though  they  be  reflected  by  the 
concavities  of  the  concha,  and  repeated  by  the  tympanic 
membrane.  Even  if  we  assume  that  the  membrane,  under 
normal  conditions,  repeats  musical  sounds  by  vibrations  pro- 
duced by  influence,  and  that  this  membrane  is  tuned  by  vol- 
untary muscular  action  so  that  tones  are  exactly  repeated,  the 
position  of  these  tones  in  the  musical  scale  is  not  and  cannot 
be  altered  by  the  action  of  any  of  the  accessory  organs  of 
hearing.  The  fact  that  a  person  may  retain  his  musical  ear 
with  both  membranes  destroyed  is  not  really  an  argument 
against  the  view  that  the  membrane  repeats  tones  by  influ- 
ence ;  for,  if  musical  tones  or  noisy  vibrations  be  conducted 
to  the  auditory  nerves,  the  impression  produced  must  of  ne- 
cessity be  dependent  exclusively  upon  the  character,  regu- 
larity, and  number  of  the  sonorous  vibrations.  And,  again, 
the  physical  laws  of  sound,  which  are  fixed  and  unchange- 
able, teach  us  that  a  membrane,  like  the  membrana  tympani, 
must  return  or  reproduce  sounds  which  are  in  unison  or  are 
harmonious  with  its  fundamental  tone,  much  more  perfectly 
than  discordant  or  irregular  vibrations.  In  a  loud  confusion 
of  noisy  sounds,  we  can  readily  distinguish  pure  melody  or 
harmony,  even  when  the  vibrations  of  the  latter  are  compara- 
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tively  feeble.  In  following  with  the  ear  any  piece  of  music, 
reasoning  from  purely  physical  considerations,  it  must  at 
times  occur  that  the  tones  are  in  exact  unison  or  in  harmony 
with  the  fundamental  tone  of  the  membrana  tympani.  Sup- 
posing the  fundamental  tone  of  the  membrane  to  be  constant 
and  invariable,  such  tones  would  be  heard  much  more  dis- 
tinctly than  others,  as  a  physical  necessity.  Such  a  difference 
in  the  appreciation  of  certain  notes  in  melody  does  not  oc- 
cur ;  and  the  only  reasonable  explanation  of  this  is  that  the 
tension  of  the  membrane  is  altered.  It  is  shown  by  anatomi- 
cal researches  that  the  tension  can  be  altered  by  muscular 
action,  and,  as  the  muscles  are  striated,  we  may  suppose  that 
it  ma;  be  modified  rapidly.  Physical  observatioTahow 
that  such  modifications  in  tension  do  occur;  and  there  are 
on  record  unquestionable  instances  in  which  the  membrana 
tympani  is  tightened  by  a  voluntary  contraction  of  the  ten- 
sor-tympani  muscle.1 

Another  important  point  to  note  in  this  connection  is  the 
following :  Can  it  be  shown  that  the  appreciation  of  the  pitch 
of  tones  bears  any  relation  to  the  degree  of  tension  of  the 
tympanic  membrane  ?  We  can  answer  this  question  unre- 
servedly  in  the  affirmative.  When  the  membrane  is  ren- 
dered tense,  there  is  insensibility  to  low  tones.  When  the 
membrane  is  brought  to  the  highest  degree  of  tension  by 
voluntary  contraction  of  the  tensor  tympani,  the  limit  of  ap- 
preciation of  high  tones  may  be  raised  from  three  thousand 
to  five  thousand  vibrations.  It  is  a  fact  in  the  physics  of  the 
membrana  tympani,  that  the  vibrations  are  more  intense  the 
nearer  the  membrane  approaches  to  a  vertical  position.  It 
has  also  been  shown  that  the  membrane  has  a  strikingly  ver- 
tical position  in  musicians,  and  that  the  position  is  very 
oblique  in  persons  with  an  imperfect  musical  ear."  This  fact 
has  a  most  important  bearing  on  the  probable  relation  be- 
tween the  membrana  tympani  and  the  correct  appreciation 
of  musical  sounds. 

1  See  page  201.       9  Troltsch,  Diseases  of  the  Ear,  New  York,  1869,  p.  86. 
144 
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In  view  of  all  facts  and  considerations  for  and  against 
the  theory  which  we  have  given  of  the  action  of  the  tym- 
panic membrane  in  the  appreciation  of  musical  sounds,  does 
it  not  seem  probable  that  there  are,  acting  upon  this  mem- 
brane, muscles  of  auditory  accommodation,  analogous  in 
their  operation  to  the  muscle  of  visual  accommodation  %  We 
have  carefully  studied  this  subject  in  all  its  bearings,  and,  if 
the  reader  follow  closely  our  process  of  reasoning,  it  must 
seem  probable  that  the  muscles  of  the  middle  ear  are  muscles 
of  auditory  accommodation;  but  it  should  be  remembered 
that  the  action  of  the  membrane  is  not  absolutely  essential, 
and  that  musical  tones,  however  conducted,  must  of  necessity 
be  correctly  appreciated,  whenever  and  however  they  find 
their  way  to  the  auditory  nerves.1 

Experiments,  to  which  we  have  already  referred  in  an- 
other volume,*  have  shown  pretty  conclusively  that  the  tym- 
panic membrane  vibrates  more  forcibly  when  relaxed  than 
when  it  is  tense.  It  is  evident  that  the  relaxed  membrane 
must  undergo  vibrations  of  greater  amplitude  than  when  it  is 
under  strong  tension.  In  certain  cases  of  facial  palsy,  in 
which  it  is  probable  that  the  branch  of  the  facial  going  to 
the  tensor  tympani  was  affected, 'the  ear  became  painfully 
sensitive  to  powerful  impressions  of  sound.  This  probably 
has  no  relation  to  pitch,  and  most  sounds  that  are  painfully 
loud  are  comparatively  grave.  The  tension  of  the  membrane 
may  be  modified  as  a  means  of  protection  of  the  ear,  but  the 
facts  belonging  to  cases  of  facial  palsy  are  all  that  we  have 

1  Bonnafont  has  proposed  a  theory  of  the  action  of  the  membrana  tympani 
in  audition,  in  which  the  membrane  is  supposed  to  undergo  partial  tensions  and 
relaxations,  and  thus  to  bring  certain  portions  of  it  in  unison  with  different  tones. 
It  is  difficult  to  see  how  this  could  be  demonstrated,  even  should  it  occur;  and 
it  is  easier  to  explain  the  appreciation  of  harmonious  combinations  of  tones,  by 
the  well-known  laws  regulating  the  vibrations  of  membranes  by  influence. 
(Bonnatont,  Traiti  thkorique  et  pratique  dee  maladiet  de  Voreille^  Paris,  1873, 
p.  277.)  Bonnafont  published  a  memoir,  in  which  the  above-mentioned  theory 
was  proposed,  in  1859. 

•  See  voL  iv.,  Nervous  System,  p.  155. 
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bearing  upon  this  point.  Artillerists  are  in  danger  of  rup- 
ture of  the  membrana  tympani  from  sudden  concussions. 
To  guard  against  this  injury,  it  is  recommended  to  stop  the 
ear,  draw  the  shoulder  up  against  the  ear  most  in  danger,  and 
particularly  to  inflate  the  middle  ear  after  Valsalva's  method. 
"  This  method  consists  in  making  a  powerful  expiration,  with 
the  mouth  and  nostrils  closed." ' 

Mechanism  of  the  Omdes  of  the  Ear. — The  ossicles  of 
the  middle  ear,  in  connection  with  the  muscles,  have  a  two- 
fold function :  First,  by  the  action  of  the  muscles,  the  mem- 
bnma  tympani  may  be  brought  to  different  degrees  of  ten- 
sion.  Second,  the  chain  of  bones  serves  to  conduct  sonorous 
vibrations  to  the  labyrinth.  It  must  be  remembered  that  the 
handle  of  the  malleus  is  closely  attached  to  the  membrana 
tympani,  especially  near  its  lower  end.  Near  the  short  pro- 
cess, the  attachment  is  looser  and  there  is  even  an  incomplete 
joint-space  at  this  point.  The  long  process  is  attached  jclosely 
to  the  Glasserian  fissure  of  the  temporal  bone. 

The  malleus  is  articulated  with  the  incus  by  a  very  pecul- 
iar joint,  which  has  been  accurately  described  by  Helmholtz. 
This  joint  is  so  arranged,  presenting  a  sort  of  cog,  that  the 
handle  of  the  malleus  can  rotate  only  outward ;  and  when  a 
force  is  applied  which  would  have  a  tendency  to  produce  a 
rotation  inward,  the  malleus  must  carry  the  incus  with  it. 
This  mechanism  has  been  aptly  compared  by  Helmholtz  to 
that  of  a  watch-key  with  cogs  which  are  fitted  together  and 
allow  the  whole  key  to  turn  in  one  direction,  but  are  sepa- 
rated so  that  only  the  upper  portion  of  the  key  turns  when 
the  force  is  applied  in  the  other  direction."    In  the  articula- 

1  Troltsch,  Diseases  of  the  Ear,  New  York,  1869,  p.  148.  According  to  Dr. 
Roosa,  rapture  of  the  tympanic  membrane  has  been  very  seldom  observed  in 
soldiers  during  the  late  war  in  this  country,  though  it  is  well  known  that  it 
sometimes  occurs,  even  from  the  report  of  a  pistol  near  the  ear.  (Roosa,  Dis- 
eases of  the  Ear,  New  York,  1873,  p.  223.) 

1  Helmholtz,  Mechanism  of  the  Ossicles  of  the  Ear  and  Membrana  Tympani, 
New  York,  1878,  p.  82,  et  seq. 
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tion  between  the  malleus  and  the  incus,  the  only  difference 
is  that  there  is  but  one  cog;  but  this  is  sufficient  to  prevent 
an  independent  rotation  of  the  malleus  inward.  This  enables 
us  to  understand  the  action  of  the  tensor-tympani  muscle. 
By  the  contraction  of  this  muscle,  "  all  the  bands  which  give 
firmness  to  the  position  of  the  ossicles  are  rendered  tense. 
This  muscle,  in  the  first  place,  draws  the  handle  of  the  ham- 
mer  inward',  and  wi*  if  the'  membrana  tympanL  At  the 
same  time  it  pulls  upon  the  axis-band  of  the  hammer,  draw- 
ing it  inward  and  putting  it  upon  the  stretch.  Another- ef- 
fect, as  we  have  shown,  is  to  draw  the  head  of  the  hammer 
away  from  the  tympano-incudal  joint,  to  tighten  all  the  liga- 
ments of  the  anvil,  those  toward  the  hammer  as  well  as  those 
at  the  end  of  its  short  process,  and  to  lift  the  latter  up  from 
its  bony  bed.  In  this  way  the  anvil  is  brought  into  the  posi- 
tion where  the  cogs  of  the  malleo-incudal  joint  fit  into  one 
another  the  tightest.  Finally,  the  long  process  of  the  anvil 
is  compelled  to  perform  a  rotation  inward  in  company  with 
the  handle  of  the  hammer ;  in  so  doing,  as  we  shall  see  fur- 
ther on,  it  presses  upon  the  stirrup  and  drives  it  into  the  oval 
window  against  the  fluid  of  the  labyrinth. 

u  In  this  respect  the  construction  of  the  ear  is  very  re- 
markable. By  the  contraction  of  the  single  mass  of  elastic 
fibres  constituting  the  tensor  tympani  (whose  tension,  besides, 
is  variable  and  may  be  adapted  to  the  wants  of  the  ear)  all 
the  inelastic  tendinous  ligaments  of  the  ossicles  are  simulta- 
neously put  upon  the  stretch."  * 

The  body  of  the  incus  is  attached  to  the  posterior  bony 
wall  of  the  tympanic  cavity.  Its  articulation  with  the  mal- 
leus has  just  been  indicated.  By  the  extremity  of  its  long 
process,  it  is  also  articulated  with  the  stapes,  which  completes 
the  chain.  In  situ,  the  stapes  forms  nearly  a  right  angle 
with  the  long  process  of  the  incus. 

The  stapes  is  articulated  with  the  incus,  as  indicated  above, 

1  Hklmholtz,  Mechanism  of  the  Osndes  of  the  Ear  and  Membrana  Tympani, 
New  York,  1873,  p.  40. 
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and  its  oval  base  is  applied  to  the  fenestra  ovalis.  Surround- 
ing the  base  of  the  stapes,  is  a  ring  of  elastic  fibro-cartilage, 
which  is  closely  united  to  the  bony  wall  of  the  labyrinth,  by 
an  extension  of  the  periosteum  over  the  base  of  the  stapes. 

"  The  relation  of  the  stirrup  to  the  anvil  is  such  that,  if 
the  handle  of  the  hammer  be  drawn  inward,  the  long  process 
of  the  anvil  presses  firmly  against  the  knob  of  the  stirrup; 
the  same  takes  place  if  the  capsular  ligament  between  both 
be  cut  through."  * 

The  articulations  between  the  malleus  and  the  incus  and 
between  the  incus  and  the  stapes  are  so  arranged  that  when 
the  membrana  tympani  is  forced  outward,  as  it  may  be  by  in- 
flation of  the  tympanic  cavity,  there  is  no  danger  of  tearing 
the  stapes  from  its  attachment  to  the  fenestra  ovalis;  for, 
when  the  handle  of  the  malleus  is  drawn  outward,  the  cog- 
joint  between  the  malleus  and  the  incus  is  loosened  and  no 
great  traction  can  be  exerted  upon  the  stapes. 

The  fact  that  the  stapes  may  be  pressed  against  the  liquid 
of  the  labyrinth  was  demonstrated  by  a  very  satisfactory  ex- 
periment described  by  Helmholtz,  in  which  an  opening,  made 
into  the  superior  semicircular  canal,  was  fitted  with  a  slender 
glass  tube,  and  the  vestibule  and  a  portion  of  the  tube  filled 
with  water.  "  The  movements  of  the  bones  of  the  ear  pro- 
duced by  forcing  air  into  the  external  meatus  caused  the  fluid 
in  the  tube  to  rise  0*9  mm."  From  this  experiment,  it  was 
calculated  that  the  excursions  of  the  stapes  amounted  to  from 

xhr  to  ifo  of  an  fod1* 

Although  the  experiments  which  we  have  cited  illustrate 

pretty  conclusively  the  mechanism  of  the  ossicles  and  the  ac- 
tion of  the  tensor-tympani  muscle,  both  as  regards  the  chain 
of  bones  and  the  membrana  tympani,  direct  observations 

1  Helmholtz,  op.  cfc,  p.  48. 

•  Op.  <**.,  p.  48. 

The  movements  of  the  stapes  have  been  described  by  Dr.  A.  EL  Buck,  in  an 
elaborate  paper.  The  details  of  his  experiments,  however,  are  very  minute,  and 
the  facts  stated  above  are  sufficient  for  our  purpose.  (Buck,  On  the  Mechanism 
of  the  Omelee  of  the  Mar,  New  York,  1870.) 
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are  wanting  to  show  the  exact  relations  of  these  different 
conditions  of  the  ossicles  and  of  the  membrane  to  the  physi- 
ology of  audition.  One  very  important  physical  point,  how- 
ever, which  has  been  the  subject  of  much  discussion,  is  set- 
tled. The  chain  of  bones  acts  as  a  single  solid  body  in  con- 
ducting vibrations  to  the  labyrinth.1  It  is  a  matter  of  physi- 
cal demonstration  that  vibrations  of  the  bones  themselves 
would  be  infinitely  rapid  as  compared  with  the  highest  tones 
which  can  be  appreciated  by  the  ear,  if  it  were  possible  to  in- 
duce in  these  bones  regular  vibrations.  Practically,  then,  the 
ossicles  have  no  independent  vibrations  that  we  can  appreci- 
ate. This  being  the  fact,  the  ossicles  simply  conduct  to  the 
labyrinth  the  vibrations  induced  in  the  membrana  tympani 
by  sound-waves;  and  their  arrangement  is  such  that  these 
vibrations  lose  very  little  in  intensity.  While  it  has  been 
shown  experimentally,  by  Folitzer  and  others,  that  the  ampli- 
tude of  vibration  in  the  membrana  tympani  and  the  ossicles 
diminishes  with  the  tension  of  the  membrane,"  it  would  seem 
that,  when  the  tensor  tympani  contracts,  it  must  render  the 
conduction  of  sound-waves  to  the  labyrinth  more  delicate 
than  when  the  auditory  apparatus  is  in  a  relaxed  condition, 
which  we  may  compare  with  the  "  indolent "  condition  of  the 
apparatus  of  accommodation  of  the  eye.  When  the  mem- 
brana tympani  is  relaxed  and  the  cog-like  articulation  be- 
tween the  malleus  and  the  incus  is  loosened,  the  vibrations 
of  the  membrane  and  of  the  malleus  may  have  a  greater  am- 
plitude ;  but,  when  the  malleo-incudal  joint  is  tightened  and 
the  stapes  is  pressed  against  the  fenestra  ovalis,  the  loss  of 
intensity  of  vibration  in  conduction  through  the  bones  to  the 
labyrinth  must  be  reduced  to  the  minimum.  With  this  view, 
the  tensor-tympani  muscle,  while  it  contracts  to  secure  for 

1  Helmholtz  (op.  cit.)  demonstrated  the  mechanism  of  the  malleo-incudal 
joint,  and  showed  how  the  bones  conduct  vibrations  as  a  single  solid  lever ;  but 
he  gives  full  credit  to  Weber  (p.  8),  who  first  proposed  this  theory,  though  it  was  de- 
fective from  his  want  of  knowledge  of  the  exact  mode  of  articulation  of  the  bones. 

9  Politzer,  Untersuchungen  uber  Schallfortpjianzung  und  SchcdUeitung  im 
Gthorgane, — Archivfur  Ohrenkeilkunde,  Wurzburg,  1864,  Bd.  L,  S.  68,  et  *eq. 
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the  membrana  tympani  the  degreee  of  tension  most  favorable 
for  vibration  under  the  influence  of  certain  tones,  puts  the 
shain  of  bones  in  the  condition  best  adapted  to  the  conduc- 
tion of  the  vibrations  of  the  membrane  to  the  labyrinth,  with 
the  smallest  possible  loss  of  intensity. 

Physiological  Anatomy  of  the  Internal  Ear 

The  internal  ear  consists  of  the  labyrinth,  which  is  di- 
vided into  the  vestibule,  semicircular  canals,  and  cochlea. 
The  general  arrangement  of  these  parts  has  already  been  de- 
scribed ; l  and  it  only  remains  for  us  to  study  the  structures 
contained  within  the  bony  labyrinth,  in  so  far  as  their  anat- 
omy bears  upon  the  physiology  of  audition.  The  most  deli- 
cate and  complicated  points,  by  far,  in  the  anatomy  of  the 
auditory  apparatus  are  connected  with  the  histology  of  the 
internal  ear,  which,  since  the  researches  of  Corti,  has  been 
studied  very  closely,  particularly  in  Germany.  "We  shall 
avoid,  however,  the  discussion  of  histological  questions  of 
purely  anatomical  interest,  and  confine  ourselves  to  those 
points  which  have  a  direct  bearing  upon  physiology. 

Passing  inward  from  the  tympanum,  the  first  division  of 
the  internal  ear  is  the  vestibule.  This  cavity  communicates 
with  the  tympanum  by  the  fenestra  ovalis,  which  is  closed 
in  the  natural  state  by  the  base  of  the  stapes.  It  communi- 
cates, also,  with  the  semicircular  canals  and  with  the  cochlea. 

General  Arrangement  of  the  Membrcmovs  Labyrinth. — 
The  bony  labyrinth  is  lined  by  a  moderately-thick  periosteum, 
consisting  of  connective  tissue,  a  few  delicate  elastic  fibres, 
numerous  nuclei,  and  blood-vessels,  with  spots  of  calcareous 
concretions.  This  membrane  adheres  closely  to  the  bone  and 
extends  over  the  fenestra  ovalis  and  the  fenestra  rotunda.  Its 
inner  surface  is  smooth  and  covered  with  a  single  layer  of  cells 
of  pavement-epithelium,  in  some  parts  being  segmented  and 
in  others  forming  a  continuous  nucleated  sheet.    In  certain 

1  See  page  168. 
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portions  of  the  vestibule  and  semicircular  canals,  the  perios- 
teum is  united  to  the  membranous  labyrinth,  more  or  lees 
closely,  by  fibrous  bands,  which  have  been  called  ligaments 
of  the  labyrinth.1  The  fenestra  rotunda,  which  lies  between 
the  cavity  of  the  tympanum  and  the  cochlea,  is  closed  by  a 
membrane  formed  by  an  extension  of  the  periosteum  lining 
the  cochlea,  on  the  one  side,  and  the  mucous  membrane  lining 
the  tympanic  cavity,  on  the  other. 

In  the  bony  vestibule,  occupying  about  two-thirds  of  its 
cavity,  are  two  distinct  sacs ;  a  large,  ovoid  sac,  the  utricle, 
situated  in  the  upper  and  posterior  portion  of  the  cavity,  and 
a  smaller,  rounded  sac,  the  saccule,  situated  in  its  lower  and 
anterior  portion.  The  utricle  communicates  with  the  semi, 
circular  canals ;  and  the  saccule  opens  into  the  membranous 
canal  of  the  cochlea  by  the  canalis  reuniehs.  At  a  point  in 
the  utricle  corresponding  to  the  entrance  of  a  branch  of  the 
auditory  nerve,  is  a  round,  whitish  spot,  called  the  acoustic 
spot  (macula  acustica),  containing  otoliths,  or  otoconia,  which 
are  attached  to  the  inner  surface  of  the  membrane.  A  sim- 
ilar spot,  containing  otoliths,  exists  in  the  saccule  at  the  point 
of  entrance  of  its  nerve.  Otoliths  are  also  found  in  the  am- 
pullae of  the  semicircular  canals.  These  calcareous  masses 
axe  composed  of  crystals  of  carbonate  of  lime,  hexagonal  and 
pointed  at  their  extremities.  According  to  Sappey,  each 
crystal  corresponds  to  a  nerve-fibre.*  Nothing  definite  is 
known  of  the  function  of  these  calcareous  bodies,  which  exist 
in  man,  mammals,  birds,  and  reptiles. 

The  membranous  semicircular  canals  occupy  about  one- 
third  of  the  cavity  of  the  bony  canals.  They  present  little 
ovoid  dilatations,  ampullae,  corresponding  to  the  ampullary 
enlargements  of  the  bony  canals. 

The  membrane  of  the  cochlea,  including  the  lining  perios- 
teum, occupies  the  spiral  canal  of  the  cochlea,  which  it  fills 

1  RitoiNGER,  in  Strickkr,  Manual  of  Hitman  and  Comparative  HistoLogy,  The 
New  Sydenham  Society,  London,  1873,  vol.  iii.,  p.  88. 

8  Sappey,  Traiii  cTanatomie,  Paris,  1871,  tome  iii.,  p.  842. 
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completely.  Viewed  externally,  it  appears  as  a  single  tube, 
following  the  turns  of  the  bony  cochlea,  beginning  below,  at 
the  first  turn,  by  a  blind  extremity,  and  terminating  in  a 
blind  extremity  at  the  summit  of  the  cochlea.  If  we  make 
a  section  of  the  cochlea,  in  a  direction  vertical  to  its  coils,  it 
will  be  seen  that  this  canal  is  divided,  partly  by  bone  and 
partly  by  membrane,  into  an  inferior  portion,  a  superior  por- 
tion, and  a  triangular  canal,  lying  between  the  two,  which  is 
external.  The  bony  septum  is  in  the  form  of  a  spiral  plate, 
extending  from  the  central  column,  the  modiolus,  into  the 
cavity  of  the  cochlea,  about  half-way  to  its  external  wall, 
and  terminating  above  in  a  hook-shaped  extremity,  called 
the  hamulus.  The  free  edge  of  this  bony  lamina  is  thin 
and  dense.  Near  the  central  column,  it  divides  into  two 
plates,  with  an  intermediate  spongy  structure,  in  which  are 
lodged  vessels  and  nerves.  The  surface  of  the  bony  lamina 
looking  toward  the  base  of  the  cochlea  is  marked  by  nu- 
merous regular,  transverse  ridges,  or  strife. 

Attached  to  the  free  margin  of  the  bony  lamina,  is  a 
membrane,  the  membrana  basilaris,  which  extends  to  the 
outer  wall  of  the  cochlea.  In  this  way,  the  canal  of  the 
cochlea  is  divided  into  two  portions,  one  above  and  the 
other  below  the  septum.  The  portion  below  begins  at  the 
fenestra  rotunda,  and  is  called  the  scala  tympani.  The  por- 
tion above,  exclusive  of  the  triangular  canal  of  the  cochlea, 
communicates  with  the  vestibule,  and  is  called  the  scala  ves- 
tibuli. 

Above  the  membrana  basilaris,  is  a  membrane,  the  limbus 
laminae  spiralis,  the  external  continuation  of  which  is  called 
the  membrana  tectoria,  or  the  membrane  of  Corti.  Between 
the  membrana  tectoria  and  the  membrana  basilaris,  is  the 
organ  of  Corti.  The  membrane  of  Beissner  extends  from 
the  inner  portion  of  the  limbus  upward  and  outward  to  the 
outer  wall  of  the  cochlea.  This  divides  the  portion  of  the 
cochlea  situated  above  the  scala  tympani  into  two  portions, 
an  internal  portion,  the  scala  vestibuli,  and  an  external,  trian- 


216  SPECIAL    BKNBES. 

giilar  canal,  called  the  canalis  cochlea?,  or  the  membranous 
cochlea. 

In  the  anatomical  description  of  the  contents  of  the  bony 
cochlea,  the  membranous  parts  may  be  designated  as  fol- 
lows: 

1.  The  portion  below  the  bony  and  membranous  septum, 
called  the  seala  tympani.  This  is  formed  by  the  periosteum 
lining  that  portion  of  the  cochlea  and  the  under  surface  of 
the  bony  lamina,  and  the  membrana  basilaris. 

2.  The  scala  vestibuli.  This  is  formed  by  the  periosteum 
lining  the  corresponding  portion  of  the  bony  cochlea  and 


VartlcsJ  lection  of  the  cochlea  of  ■  ftetsJ  alt  mgntfled  sl<  dfcuneten.  This  •action  shows  the 
septum  between  (be  two  seals,  the  ml*  tympani  below  the  septum,  the  »li  Teaflbull 
abore  the  septum,  end  the  trtansotir  canal  externally  The  inter  will  of  the  cochlea  l«  ot- 
elsed.  bat  the  modtolos  Is  still  cutlliglDoiu.  The  radiating  Hoes  to  the  modiolus.  Indicate 
the  couth  or  (be  auditory  nerree.  (Komina,  BandbaeK  d*r  OnctbtMtn,  Lelpds;, 
1B«,  B.  Tit.) 

the  upper  surface  of  the  bony  septum,  and  is  bounded  ex- 
ternally by  the  membrane  of  Reisaner. 

3.  The  true,  membranous  cochlea.  This  is  the  spiral 
triangular  canal,  bounded  externally  by  the  periosteum  of  the 
corresponding  portion  of  the  wall  of  the  cochlea ;  internally, 
by  the  membrane  of  Koissner ;  and,  on  the  other  ride,  by 
the  membrana  basilaris.'     What  we  thus  call  the  membra- 

1  Some  anatomists  include  this  canal  in  the  seals,  vestibuli.     For  the  sake 
e  describe  it  by  itself,  as  a  distinct  canal 
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nous  cochlea  is  divided  by  the  limbus  lamina)  spiralis  and  the 
membrana  tectoria  into  two  portions;  a  triangular  canal 
above,  which  is  the  larger,  and  a  quadrilateral  canal  below, 
between  the  liinbus  and  membrana  tectoria  and  the  mem- 
brana  basilaris.  The  quadrilateral  canal  contains  the  organ 
of  Corti  and  various  structures  of  a  very  complicated  char- 
acter. The  relations  of  these  divisions  of  the  cochlea,  a 
knowledge  of  which  is  essential  to  the  comprehension  of  the 
physiological  anatomy  of  this  portion  of  the  auditory  appara- 
tus, are  shown  in  Fig.  15,  with  the  exception  of  the  quadri- 
lateral canal,  which  will  be  shown  in  another  figure. 


triying  UUchniBnt  to  th 

briment  to  the  meuibi ,,„,_,  ,..  ., .  ., 

interior  oitremltr  of  Ihe  Iplral  IfMwqt,  (flTlnit  itUchment  to  the  m«nb™i«  of 
ID,  mm*roiM  ofBeimner;  W,  Tiucakrlwid,  Uio  ootot  bonna»ry  of  the  Wilt —  --  . 
Fl.nanbnM  of  Colli;  12,  nwmimiiQ  batltarU;  18,  «pi™l  t«»1  below  the  mombmu 
huikrli;  M,inlco»«pir»lH;  IS,  anterior  port™  of  the  bud  narked  by  fhrrawi ;  1«.  po«- 
frtor  portion:  IT,  intoriornMrgln;  1 B,  poTOrtor  WMgb, ;  19,  «*  h™  6iOar,  «J ■the  orga* 
qfOorti;  M.  branch  of  thfl  cochW  nem;  M,  «pir»l  gmnjUon ;  ^mi^oiUonorthelii™, 
■,  on  of  the  orifiwi  by  which  the  nertt  pun  to  the  oiffin  of  Cort ;  KH  bony  tiutra 
ofthecochlc.;  K,  SS,  wriMtaM.  (Sawii,  TruiM  tfaiwtonH*  Pari*.  ISTl.toinr  Di.p. 
BUS.)    Thopiirtowhl^liiyobimdoKrfbedlnthotojrtlrtliidtaledbjttinco. 
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The  membranous  cochlea,  as  described  above,  follows  the 
spiral  course  of  the  cochlea,  terminates  superiorly  in  a  blind, 
pointed  extremity  at  the  cupola,  beyond  the  hamulus,  and  is 
connected  below  with  the  saccule  of  the  vestibule  by  the  ca- 
nalis  reunions.  The  relations  of  the  different  portions  of  the 
membranous  cochlea  to  each  other  and  to  the  scalae  of  the 
cochlea  are  shown  in  Fig.  16.  This  figure  also  shows  other 
structures,  which  we  shall  not  describe  more  minutely,  as 
they  are  of  purely  anatomical  interest. 

We  shall  now  describe,  as  possessing  the  most  physiologi- 
cal interest,  the  liquids  of  the  labyrinth,  the  distribution  and 
connections  of  the  nerves  in  the  labyrinth,  and  the  organ  of 
CortL 

Liquids  of  the  Labyrinth. — The  labyrinth  contains  a  cer- 
tain quantity  of  a  clear,  watery  liquid,  called  the  humor  of 
Cotugno,  or  of  Valsalva.  A  portion  of  this  liquid  surrounds 
the  membranous  sacs  of  the  vestibule,  the  semicircular  ca- 
nals, and  the  membranous  cochlea,  and  this  is  known  as  the 
perilymph  of  Breschet.  Another  portion  of  the  liquid  fill* 
the  membranous  labyrinth.  This  is  sometimes  called  the 
humor  of  Scarpa,  but  is  known  more  generally  as  the  endo- 
lymph  of  Breschet.1  The  perilymph  occupies  about  one-third 
of  the  cavity  of  the  vestibule,  of  the  semicircular  canals  and 
both  scalee  of  the  cochlea.  Both  this  liquid  and  the  endo- 
lymph  are  clear  and  watery,  becoming  somewhat  opalescent  on 
the  addition  of  alcohol..  The  perilymph  seems  to  be  secreted 
by  the  periosteum  lining  the  osseous  labyrinth.  As  far  as 
we  know,  the  uses  of  the  liquid  of  the  internal  ear  are  to 
sustain  the  delicate  structures  contained  in  this  portion  of  the 
auditory  apparatus  and  to  conduct  sonorous  vibrations  to  the 
terminal  filaments  of  the  auditory  nerves  and  the  parts  with 
which  they  are  connected. 

Distribution  of  the  Nerves  in  the  Labyrinth. — As  the 

1  Breschet,  Recherche*  anatomiques  et  phyriologiquet  tur  Torgane  de  route  et 
tur  V audition,  Paris,  1886,  pp.  51,  56. 
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auditory  nerves  enter  the  internal  auditory  meatus,  they  di- 
vide into  an  anterior,  or  cochlear,  and  a  posterior,  or  vestib- 
ular branch.  The  vestibular  branch  divides  into  three  smaller 
branches,  a  superior  and  anterior,  a  middle,  and  a  posterior 
branch.  The  superior  and  anterior  branch,  the  largest  of  the 
three,  is  distributed  to  the  utricle,  the  superior  semicircular  car 
nal,  and  the  external  semicircular  canal.  The  middle  branch 
is  distributed  to  the  saccule.  The  posterior  branch  passes  to 
the  posterior  semicircular  canal.  The  nerves  distributed  to 
the  utricle  and  saccule  penetrate  at  the  points  occupied  by 
the  otoliths,  and  the  nerves  going  to  the  semicircular  canals 
pass  to  the  ampullae,  which  also  contain  otoliths.  In  each 
ampulla,  at  the  point  where  the  nerve  enters,  is  a  transverse 
fold,  projecting  into  the  canal  and  occupying  about  one-third 
of  its  circumference,  called  the  septum  transversum. 

The  nerves  terminate  in  essentially  the  same  way  in  the 
sacs  of  the  vestibule  and  the  ampullae  of  the  semicircular  ca- 
nals. At  the  points  where  the  nerves  enter,  in  addition  to 
the  otoliths,  are  cells  of  cylindrical  epithelium,  of  various 
forms,  which  pass  gradually  into  the  general  pavement-epi- 
thelium of  the  cavities.  In  addition  to  these  cells,  are  fusi- 
form, nucleated  bodies,  the  free  ends  of  which  are  provided 
with  hair-like  processes,  called  fila  acustica.  These  are  about 
■gfo  of  an  inch  in  length,  and  are  distributed  in  quite  a  regu- 
lar manner  around  the  otoliths.  The  nerves  form  an  anasto- 
mosing plexus  beneath  the  epithelium*  and  probably  termi- 
nate in  the  fusiform  bodies  just  described  as  presenting  the 
fila  acustica  at  their  free  extremities.  In  the  sacs  of  the  ves- 
tibule and  in  the  semicircular  canals,  nerves  exist  only  in  the 
macula  acustica  and  the  ampullae. 

The  cochlear  division  of  the  auditory  nerve  breaks  up  into 
numerous  small  branches,  which  pass  through  foramina  at  the 
base  of  the  cochlea,  in  what  is  called  the  tractus  spiralis  f  ora- 
minulentus.  These  follow  the  axis  of  the  cochlea  and  pass,  in 
their  course  toward  the  apex,  between  the  plates  of  the  bony 
spiral  lamina.    Between  these  plates  of  bone,  the  dark-bor- 
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dered  nerve-fibres  pass  each  one  through  a  bipolar  cell,  these 
cells  together  forming  a  spiral  ganglion,  known  as  the  gan- 
glion of  Corti.  Beyond  thiB  ganglion,  the  nerves  form  an 
anastomosing  plexus,  and  finally  enter  the  quadrilateral  canal, 
or  the  canal  of  Corti.  As  they  pass  into  this  canal,  they  sud- 
denly become  pale  and  exceedingly  fine,  and  probably  are 
connected  finally  with  the  organ  of  Corti,  though  their  exact 
mode  of  termination  has  not  yet  been  determined.     The 


DlilrfboMoo  of  the  cochlear  nerve  in  the  spiral  lamina  of  the  cochlea  (lbs  cochlea  la  from  tin 
right  sld.',  ud  It  ae#n  from  lte  antero-lnferlor  put).— I.  Bunk  of  the  cochlear  serre ;  S,  %  t, 
nieiribraiious  lone  of  the  spiral  lamina;  a,  8.  3,  terminal  eipaoatoo  of  the  cochlear  mm  ei- 
poaed  In  lte  whole  extent  by  the  removal  of  the  aoperior  pUte  of  the  lamina  apiralla ;  *,  orl- 
nceof  communication  of  the  ecala  tympanl  and  the  ecala  veaUbull.  ISjrrai  Traiti  d'ana- 
(ontae,  Parla,  1871,  tomeliL.p.  8S*.( 

course  of  the  nerve-fibres  to  their  distribution  in  the  cochlea 
is  shown  in  Fig.  17.  21,  Fig.  16,  shows  the  ganglion  of  Corti, 
and  23,  the  point  of  penetration  of  the  nerve  into  the  canal 
of  Corti. 

Organ,  of  Corti. — Of  all  the  parts  contained  within  the 
bony  labyrinth,  the  organ  of  Corti  possesses  the  greatest 
physiological  interest ;  for  it  is  this  organ  which  is  supposed 
to  receive  the  sonorous  vibrations  and  communicate  them  di- 
rectly to  the  terminal  filaments  of  the  auditory  nerves.     Al- 
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though  this  view  has  not  received  the  support  of  actual  dem- 
onstration, it  affords  an  explanation,  more  or  less  plausible, 
of  the  mechanism  of  audition,  carried  to  the  point  of  the 
actual  reception  of  impressions  by  the  nerves.  In  view  of 
this,  it  is  important  to  have  a  clear  comprehension  of  the  ar- 
rangement of  those  parts  which  are  supposed  to  receive  the 
sonorous  vibrations ;  and  we  shall,  for  the  sake  of  simplicity, 
eliminate  from  our  description  certain  accessory  structures, 
the  functions  of  which  are  obscure. 

In  the  quadrilateral  canal,  bathed  in  the  endolymph, 
throughout  its  entire  spiral  course,  is  an  arrangement  of  pil- 
lars, or  rods,  regular,  like  the  strings  of  a  harp  in  miniature, 
which  are  supposed  to  repeat  the  varied  vibrations  of  sound. 
These  are  the  pillars  of  Corti.1 

The  structures  contained  in  the  quadrilateral  canal  are  so 
delicate  that  their  investigation  presents  great  difficulty ;  but 
the  arrangement  of  the  pillars,  or  rods  of  Corti  is  pretty  well 
understood.  These  pillars  are  external  and  internal,  with  their 
bases  attached  to  the  basilar  membrane,  and  their  summits 
articulated  above,  so  as  to  form  a  regular,  spiral  arcade,  en- 
closing a  triangular  space,  which  is  bounded  below  by  the 
basilar  membrane.  The  number  of  the  elements  of  the  or- 
gan of  Corti  is  estimated  at  about  3,500,  for  the  outer,  and 
5,200,  for  the  inner  rods,  the  proportion  of  inner  rods  to  the 
outer  being  about  three  to  two.*  The  relations  of  these 
structures  to  the  membranous  labyrinth  are  seen  in  Fig.  16, 
(19).  In  this  figure,  it  is  seen  that  the  internal  pillar,  which 
is  the  shorter  of  the  two,  is  attached  to  the  basilar  membrane 
just  external  to  the  point  of  entrance  of  the  nerve  into  the 
quadrilateral  canal.  The  external  pillar  is  longer,  more  deli- 
cate and  rounded,  and  is  also  attached  to  the  basilar  mem- 
brane.   The  form  of  the  pillars  is  more  exactly  shown  in 

1  Corti,  Recherche*  eur  V  organs  de  Pouie  des  mammiferes,  1851,  p.  15,  et  seq. 

*  Pritchaad,  On  the  Structure  and  functions  of  the  Rode  of  the  Cochlea  in 
Man  and  other  Mammals. — Proceedings  of  the  Royal  Society,  London,  1872,  voL 
xx.,  p.  371. 


222  SPECIAL  SENSES. 

Figs.  18  and  19,  the  latter  figure,  however,  exhibiting  other 
structures  which  enter  into  the  constitution  of  the  organ  of 
Corti.  It  will  be  remarked  that  a  small  nucleated  body  is 
attached  to  the  base  of  each  pillar.  At  the  summit,  where 
the  internal  and  the  external  pillars  are  joined  together,  is  a 
delicate  prolongation,  directed  outward,  which  is  attached  to 
the  covering  of  the  quadrilateral  canal. 

The  above  description  comprises  about  all  that  is  defi- 
nitely known  of  the  arrangement  of  the  pillars,  or  rods  of 
Corti.  They  are  nearly  homogeneous,  except  when  treated 
with  reagents,  and  are  said  to  be  of  about  the  consistence  of 


Fig.  18. 


The  two  pillars  of  the  organ  of  Corti: 

A,  External  pillar  of  the  organ  of  Corti.— 1, body,  or  middle  portion;  9,  potterlor  extremity, 
or  base;  8,  cell  on  its  Internal  side;  4,  anterior  extremity;  5,  convex  surJkce  by  which 
it  is  Joined  to  the  internal  pillar ;  6,  prolongation  of  this  extremity. 

B,  Internal  pillar  of  the  organ  of  CortL— 1,  body,  or  middle  portion;  9,  posterior  extremity; 
8,  cell  on  its  external  side ;  4,  anterior  extremity;  5,  oonoave  surface  by  which  it  is  joined 
to  the  external  pillar;  ft,  prolongation,  subjacent  to  that  of  the  external  pillar. 

C,  The  two  pillars  of  the  organ  of  Corti,  united  by  their  anterior  extremity,  and  forming  an  ar- 
cade, the  concavity  of  which  presents  outward.— L,  1,  body,  or  middle  portion  of  the  pillars ; 
2,  2,  posterior  extremities;  8,  8,  cells  attached  to  the  posterior  extremities;  4,  4,  ante- 
rior extremities  joined  together;  6,  terminal  prolongation  of  this  extremity.  (Sapfit. 
TraiU  (TanatomU,  Paris,  1871,  tome  ili.,  p.  840.) 

cartilage.1  They  are  closely  set  together,  with  very  narrow 
spaces  between  them,  and  it  is  difficult  to  see  how  they  can 
be  stretched  to  any  considerable  degree  of  tension.  The  arch 
is  longer  at  the  summit  than  at  the  base  of  the  cochlea,  the 
longest  rods,  at  the  summit,  measuring  about  ^j-  of  an  inch, 
and  the  shortest,  at  the  base,  about  yj-p  of  an  inch.*    As  we 

1  Quain,  Element*  of  Anatomy,  London,  1867,  vol.  ii.,  p.  765. 

*  The  measurements  given  above  are  taken  from  a  recent  article  by  Pritchard, 
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before  remarked,  the  relations  between  the  pillars  and  the 
terminal  filaments  of  the  auditory  nerves  are  not  definitely 
settled. 

In  addition  to  the  pillars  just  described,  various  cellular 
elements  enter  into  the  structure  of  the  organ  of  Corti.  The 
most  important  of  these  are  the  inner  and  the  outer  hair- 
cells.  The  inner  hair-cells  are  arranged  in  a  single  row,  and 
the  outer  hair-cells,  in  three  rows.    Nothing  definite  is  known 


Vertkal  MCOOD  Of  the  MB  Of  Clrt  Of  th*  Jog.      MlgUtftsd  900  dlMMtMS. 

a-fc.  bomoKeiioou*  krer  of  &t  buikr  nmbwH ;  v,  tympanic  kjor,  with  nacM,  ciamriu  "II- 
pK.toplMm.urt  c^mmcHto  b«iao;a„trmpuiKllpof  the  crista  iplnlk ;  e,  thickened  por- 
ttooofihebMlnr  membrane:  d. eplrel  ntei ;  «,  Hwd-wwel:  /,  bundle  of  noryw;  ft  epi- 
tbeHom:  i.  lunar  amir-call,  with  iu  bMlbr  pnean.  t;  t,  head-ptaW  of  the  inner  pillar;  m, 
■Moo  of  tba  twoplllan;  ».  but  of  the  bur  pillar;  o.  but  of  the  outer  pllkr ;  p.  ff,  r, 
ontar  lialralla,  iitlb  traeaa  or  ton  dBa;  (,  beaea  of  two  other  b«lr-«l»  ;*,  Hm«Bipn>p- 
«U;  W..amunretlonlarhi;».i»™-nbrsj«Mi«lothoflr«h«lr-™ll,p.  [WlUBB,k 
Bttwn,  BatuOntdt  dor  Itlinton  <J*t  AnlMi  Ldpata:.  1811, 8-  »**-) 

of  the  function  of  these  cells.  The  relations  of  these  parts 
are  shown  in  Fig.  19,  which  is  rather  complex,  but,  on  care- 
ful study,  give's  a  good  idea  of  the  arrangement  of  all  of  the 
structures  which  compose  the  organ  of  Corti.    It  is  supposed 

already  referred  to.  At  the,  base  of  the  cochlea,  the  two  aeU  of  rods  are  about 
equal  in  length.  From  the  base  to  the  apex,  both  Beta,  outer  and  inner,  pro- 
gressively increase  in  length,  and  the  outer  rods  become  the  longer,  bo  that,  near 
the  apex,  they  are  nearly  twice  the  length  of  the  inner. 
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by  some  anatomists  that  the  filaments  of  the  auditory  nerves 
terminate  in  the  cells  above  described ;  but  this  point  is  not 
definitively  settled. 

Functions  of  Different  Paris  of  ike  Internal  Far. 

The  precise  function  of  the  different  parts  which  are 
found  in  the  internal  ear  is  obscure,  notwithstanding  the  care- 
ful researches  that  have  been  made  into  the  anatomy  and  the 
physiology  of  the  labyrinth.  There  are  several  points,  how- 
ever,  bearing  upon  the  physiology  of  this  part  of  the  audi- 
tory apparatus,  concerning  which  there  can  be  no  doubt : 

First,  it  is  certain  that  impressions  of  sound  are  received 
by  the  terminal  filaments  of  the  auditory  nerves,  and  by 
these  nerves  are  conveyed  to  the  brain. 

Second,  the  functions  of  the  parts  composing  the  external 
and  the  middle  ear  are  simply  accessory.  The  sonorous 
waves  are  collected  by  the  pavilion  and  are  conveyed  by  the 
external  meatus  to  the  middle  ear ;  the  membrana  tympani 
vibrates  under  their  influence ;  and  they  are  thus  collected, 
repeated,  and  transmitted  to  the  internal  ear,  under  the  most 
favorable  conditions  for  producing  a  proper  impression  upon 
the  auditory  nerves. 

In  view  of  these  facts,  we  must  look  to  the  functions  of 
semicircular  canals  and  the  cochlea,  for  an  elucidation  of  the 
problem  of  the  mechanism  of  the  final  process  of  audition ; 
and,  in  doing  this,  we  come  at  once  to  the  question  of  the 
relative  importance  of  different  divisions  of  the  internal  ear. 

Functions  of  the  Semicircular  Canals. — In  a  memoir 
presented  to  the  French  Academy  of  Sciences,  in  1824,  Flou- 
rens  detailed  a  number  of  experiments  on  pigeons  and  rab- 
bits, in  which  he  destroyed  different  portions  of  the  internal 
ear.  In  these  experiments,  the  results  of  which  were  very 
distinct,  it  was  shown  that  destruction  of  the  semicircular 
canals  had  apparently  no  effect  upon  the  sense  of  hearing, 
while  destruction  of  the  cochlea  upon  both  sides  produced 
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complete  deafness.1  In  addition,  it  was  observed  that  de- 
struction of  the  semicircular  canals  on  both  sides  was  fol- 
lowed by  remarkable  disturbances  in  equilibration.  The 
animals  could  maintain  the  standing  position,  but,  as  soon  as 
they  made  any  movements,  "  the  head  commenced  to  be  agi- 
tated ;  and  this  agitation  increasing  with  the  movements  of 
the  body,  walking  and  all  regular  movements  finally  became 
impossible,  in  nearly  the  same  way  as  when  equilibrium  and 
stability  of  movements  are  lost  after  turning  several  times  or 
violently  shaking  the  head." "  These  observations  of  Flou- 
rens,  at  least  as  far  as  regards  the  influence  of  the  semicir- 
cular canals  upon  equilibration,  have  been  confirmed  by 
Goltz,  and  are  sustained  by  observations  on  the  human  sub- 
ject in  the  condition  known  as  M6nidre's  disease.*  In  some 
more  recent  experiments,  however,  Boettcher  assumes  to  have 
demonstrated  that  the  semicircular  canals  have  nothing  to  do 
with  equilibration;  but  all  of  his  observations  were  made 
upon  frogs,  in  which  deficiency  of  equilibration  and  of  hear- 
ing would  be  very  difficult  to  determine.4  As  far  as  we  can 
judge  from  experimental  data,  it  does  not  seem  probable 
that  the  nerves  directly  concerned  in  audition  are  distributed 
to  any  considerable  extent  in  the  semicircular  canals.  In- 
deed, the  function  of  these  parts  is  exceedingly  obscure ;  for 
we  can  hardly  admit,  npon  purely  anatomical  grounds,  that 
they  are  concerned  in  the  discrimination  of  the  direction  of 
sonorous  vibrations,  an  idea  which  has  been  advanced  by 
some  physiologists. 

Fwn/stionB  of  the  Parts  contained  in  the  Cochlea. — There 
can  be  no  doubt  with  regard  to  the  capital  point  in  the  phys- 
iology of  the  cochlea;  namely,  that  those  branches  of  the 

1  Flourens,  Recherche*  atp&rimentakt  mr  le$  prvpriiti*  et  Us  function*  du  tys- 
tkru  nerveuz,  Paris,  1842,  p.  448,  et  seq. 

9  Op.  cit.,  p.  446. 

*  See  vol.  iv.,  Nervous  System,  pp.  869,  887. 

4  Boettcher,  KriHsche  Bemerkungen  und  neue  BeiirSge  zur  LUeratur  da  Q+ 
h&riabyrinihs.-^Ihrpater  medicinische  ZeiUchrift,  Dorpat,  1872,  Bd.  iii.,  S.  108. 
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auditory  nerve  which  are  essential  to  the  sense  of  hearing 
and  which  receive  the  impressions  of  sound  are  distributed 
mainly  in  the  cochlea.  When  we  come  to  analyze  sonorous  im- 
pressions, we  find  that  they  possess  various  attributes,  such  as 
intensity,  quality,  and  pitch,  which  have  been  discussed  rather 
fully  under  the  head  of  the  physics  of  sound.  As  far  as 
the  terminal  filaments  of  the  auditory  nerve  are  concerned, 
it  is  evident  that  the  intensity  of  sound  is  appreciated  in  pro- 
portion to  the  power  of  the  impression  made  upon  these 
nerves,  and  this  point  does  not  demand  elaborate  discussion. 
With  regard  to  quality  of  sound,  we  have  seen  that  this  is 
due  to  the  form  of  sonorous  vibrations,  and  that  most  mu- 
sical tones  are  compound,  their  quality  depending  largely 
upon  the  relative  power  of  the  harmonics,  partial  tones, 
etc.  We  have  also  seen  that  consonating  bodies  repeat 
by  influence,  not  only  the  actual  pitch  of  tones,  but  their 
quality.  If  there  be  in  the  cochlea  an  anatomical  arrange- 
ment of  rods  or  fibres  by  which  the  sonorous  vibrations,  con- 
veyed to  the  ear  by  the  atmosphere,  are  repeated,  there  is 
reason  to  believe  that  the  quality,  as  well  as  the  pitch,  is  re- 
produced. Narrowing  down  the  question,  then,  to  its  most 
interesting  and  important  point ;  viz.,  the  appreciation  of  dif- 
ferences in  the  pitch  of  musical  tones,  we  inquire  whether 
there  be  in  the  cochlea  any  arrangement  by  which  the  pitch 
can  be  repeated.  This  inquiry  can  only  bo  answered  by  a 
study  of  the  anatomical  arrangement  of  the  structures  con- 
nected with  the  terminal  filaments  of  the  nerves,  and  the  ap- 
plication of  physical  laws. 

The  arrangement  of  the  rods  which  enter  into  the  struct- 
ure of  the  organ  of  Corti  has  afforded  a  theoretical  explana- 
tion of  the  final  mechanism  of  the  appreciation  of  pitch. 
Until  we  come  to  the  internal  ear,  the  action  of  different 
portions  of  the  auditory  apparatus  is  simply  to  conduct  and 
repeat  sonorous  vibrations ;  and  the  sole  function  of  these 
accessory  parts,  aside  from  the  protection  of  the  organs,  is  to 
convey  the  vibrations  to  the  terminal  nervous  filaments. 
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Whatever  be  the  functions  of  the  membrana  tympani  in  re- 
peating sounds  by  influence,  it  is  certain  that  this  membrane 
possesses  no  true  auditory  nerves,  and  that  the  auditory 
nerves  only  are  capable  of  receiving  impressions  of  sound. 
Thus,  hearing,  and  even  the  appreciation  of  pitch,  is  not 
necessarily  lost  after  destruction  of  the  membrana  tympani ; 
and,  if  sonorous  vibrations  reach  the  auditory  nerves,  they 
will  be  appreciated  and  appreciated  correctly.  With  this 
point  clearly  understood,  we  are  prepared  to  study  the  prob- 
able functions  of  the  organ  of  Corti. 

When  we  consider  the  organ  of  Corti,  with  its  eight  thou- 
sand or  more  rods  of  different  lengths  arranged  with  a  certain 
degree  of  regularity,  a  number  more  than  sufficient  to  repre- 
sent all  the  tones  of  the  musical  scale,  we  are  not  surprised 
that  eminent  physiologists  regard  them  as  capable  of  repeat- 
ing all  the  shades  of  tone  heard  in  music.  Helmholtz  f  or- 
mularizes  this  idea  in  the  theory  that  tones  conveyed  to  the 
eochlea  throw  into  vibration  those  elements  of  the  organ  of 
Corti  which  are  tuned,  so  to  speak,  in  unison  with  them. 
According  to  this  hypothesis,  the  rods  of  Corti  constitute  a 
harp  of  several  thousand  strings,  played  upon,  as  it  were,  by 
the  sonorous  vibrations.1 

It  would  be  difficult  to  imagine  any  thing  more  beautiful 
and  simple  than  such  an  hypothesis  as  we  have  just  quoted. 
Attention  and  education  enable  persons  endowed  with  what 
is  called  a  musical  ear  to  discriminate  between  different  tones 
with  great  accuracy.  Experiments  have  shown  that  the  situ- 
ation of  the  actual  appreciation  of  tones  may  be  restricted  to 
the  cochlea ;  and,  in  the  cochlea,  the  only  anatomical  arrange- 
ment, as  far  as  we  know,  which  points  toward  an  apprecia- 
tion of  the  pitch  of  different  tones  is  that  of  the  rods  of 
Corti.  Still,  it  must  be  remembered  that  the  cochlea  is  so 
situated  as  to  be  removed  from  the  possibility  of  experi- 
mental investigation  to  prove  the  theory ;  and  we  must  care- 
fully study  the  anatomical  arrangement  of  the  parts  and  the 

1  Helmholtz,  Thiorie  phytiologique  de  la  mutique,  Paris,  1868,  p.  188,  et  §eq. 
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possible  application  of  physical  laws  to  the  supposed  vibra- 
tion of  the  rods.1 

Viewing  the  question  from  its  anatomical  aspect,  it  is  by 
no  means  certain  that  the  rods  of  Corti  are  so  attached  and 
stretched  that  they  are  capable  of  separate  and  individual 
vibrations.  It  has  not  been  demonstrated  that  certain  of 
these  rods  vibrate  under  the  influence  of  certain  tones,  or  are 
tuned  in  accord  with  certain  tones.  Hensen,  who  has  writ- 
ten elaborately  upon  the  very  question  under  consideration, 
denies  the  accuracy  of  the  theory  of  Helmholtz,  basing  his 
opinion  upon  the  anatomical  arrangement  of  the  rods  of 
Corti,  and  assumes  that  it  is  a  physical  impossibility  for  the 
different  rods  to  vibrate  individually,  and  that  it  is  not  cer- 

1  It  is  a  curious  historical  fact  that  Du  Verney,  in  a  work  first  published  in 
French,  in  1688,  and  afterward  translated  into  Latin,  stated  that  the  filaments 
of  those  auditory  nerves  distributed  upon  the  lamina  spiralis  were  so  arranged  as 
to  receive  the  various  impressions  made  by  different  musical  tones.  (Du  Vnt- 
niv,  Tractatu*  de  Organo  Auditus,  Lugd.  Batav.,  1780,  pp.  28,  29.)  Le  Gat, 
the  first  edition  of  whose  work  on  the  Senses  was  published  in  1789,  also  ad- 
vanced the  theory  that  the  cochlea  was  the  only  portion  of  the  auditory  apparatus 
capable  of  appreciating  musical  tones.  After  speaking  of  the  vestibule  and 
the  semicircular  canals  as  the  parts  affected  by  irregular  sonorous  vibrations,  he 
states  that  the  cochlea  has  a  more  delicate  function : 

"  The  design  of  this  construction  is  of  the  most  perfect  mechanism.  The 
essential  office  of  an  organ  of  sense  is  proportionate  to  its  object,  and,  for  the 
organ  of  hearing,  it  is  the  capacity  of  being  in  unison  with  the  different  vibra- 
tions of  the  air ;  these  vibrations  have  infinite  differences ;  their  progression  is 
susceptible  of  infinitely  small  degrees.  An  organ,  then,  is  necessary,  which  is 
made  in  unison  with  all  these  vibrations,  and,  in  order  to  receive  them  dis- 
tinctly, should  be  composed  of  parts,  the  elasticity  of  which  follows  this  same 
progression,  insensible,  or  infinitely  small.  The  spiral  in  mechanics  is  the  only 
apparatus  adapted  to  give  this  insensible  gradation." 

Farther  on,  Le  Cat  states  that,  "  whatever  division  may  be  conceived  of  in 
tones,  there  is  none  which  does  not  meet,  in  points  of  this  spiral,  with  its  unison, 
or  its  equal  vibration,  thus  there  is  no  tone  which  cannot  distinctly  impart  its 
vibration  to  this  spiral ;  and  in  this  consists  the  grand  design  of  the  cochlea. 
This  is  why  I  regard  the  cochlea  as  the  sanctuary  of  audition,  as  the  special 
organ  of  harmony,  or  of  the  most  distinct  and  the  most  delicate  sensation  of 
this  kind."  (Le  Cat,  Trails  des  sensation*,  etc.,  Paris,  1767,  tome  ii.,  pp.  281, 
282.)  The  above  is  simply  the  theory  of  Helmholtz,  wanting  the  exact  ana* 
tomical  and  physical  details  developed  by  modern  researches  and  experiments. 
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tain  that  they  are  tuned  in  accord  with  different  tones.  Hen- 
sen  makes,  on  this  point,  the  following  statement : 

"  It  is  now  my  conviction,  that  by  the  hypothesis  c  more 
and  more  corroborated '  that  the  fibres  of  Corti  constitute  the 
organ  of  the  labyrinth  tuned  to  the  appreciation  of  tones, 
our  comprehension  and  the  investigation  of  the  internal  ear 
have  taken  a  false  direction. 

"  I  assert,  next,  that  the  rods  of  Corti  cannot  play  the 
important  part  in  the  appreciation  of  tones,  which  L  been 
attributed  to  them  in  the  hypothesis  of  Helmholtz." l 

It  is  pretty  evident  that,  although  the  theory  of  Helm- 
holtz is  undoubtedly  the  only  one  affording  any  reasonable 
explanation  of  the  appreciation  of  tones,  it  lacks  positive 
anatomical  confirmation.  And,  f arthermore,  we  do  not  even 
know  the  anatomical  connections  between  the  rods  of  Corti 
and  the  filaments  of  the  auditory  nerves. 

In  view  of  the  considerations  just  given,  we  have  simply 
recited  the  theory  of  Du  Verney,  Le  Cat,  and  Helmholtz,  as 
one  which  may  or  may  not  be  sustained  hereafter  by  more 
exact  researches;  but  at  present  it  must  be  acknowledged 
that  there  is  no  more  satisfactory  explanation  of  the  mech- 
anism of  the  final  appreciation  of  musical  tones. 

Summary  of  the  Mechanism  of  Audition. 

The  waves  of  sound  are  simply  collected  by  the  pavilion 
of  the  ear  and  are  conveyed,  through  the  external  meatus,  to 
the  membrana  tympani.  The  membrana  tympani,  a  delicate, 
rounded,  concave  membrane,  receives  these  waves  and  is 
thrown  into  vibration. 

The  arrangement  of  the  bones  and  muscles  of  the  middle 
ear  admits  of  variations  in  the  tension  of  the  membrana 
tympani.  By  increasing  the  tension  of  this  membrane,  the 
ear  may  be  rendered  insensible  to  grave  sounds,  while  high- 

1  Hknsek,  ExperimentdU  Siudien  zur  Phyriologie  des  Gehorgan*,  von  Dr. 
Schmidkkam  mii  Zuscttzen  von  Dr.  Hensen. — ArbeUen  au*  den  Kider  phynologi- 
schen  Irutitut,  Kiel,  1869,  S.  131. 
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pitched  sounds  become  more  intense ;  and,  in  cases  of  volun- 
tary tension,  the  limit  of  perception  of  high  tones  may  be 
greatly  increased.  The  membrana  tympani  obeys  the  laws 
of  consonance  and  vibrates  strongly  under  the  influence  of 
sounds  in  unison  or  in  harmony  with  its  fundamental  tone, 
returning,  in  this  way,  not  only  the  pitch,  but  the  quality  of 
tones  and  combinations  of  tones  in  harmony.  Destruction 
of  the  membrane  does  not  necessarily  of  itself  destroy  hear- 
ing, or  even  the  appreciation  of  tones,  for  the  impressions 
may  be  conducted  to  the  cochlea  by  the  chain  of  ossicles. 

The  arrangement  of  the  ossicles  and  muscles  of  the  middle 
ear  is  such  that  contraction  of  the  tensor  tympani  renders  the 
articulations  firm,  tightens  the  little  ligaSs,  and  presses 
the  stapes  against  the  liquid  of  the  labyrinth,  so  that  the 
chain  resembles,  in  its  action,  a  solid  and  continuous  bony 
rod.  By  this  arrangement,  the  sonorous  vibrations  are  con- 
ducted to  the  labyrinth  with  very  little  loss  of  intensity. 

The  cavity  of  the  tympanum  is  filled  with  air,  communi- 
cates with  the  mastoid  cells,  and  with  the  pharynx  by  means 
of  the  Eustachian  tube ;  and,  by  this  means,  the  pressure  of 
air  in  its  interior  is  regulated.  The  labyrinth,  consisting  of 
the  vestibule,  semicircular  canals,  and  cochlea,  is  filled  with 
liquid,  and  the  different  cavities  communicate  with  each 
other.  The  vibrations,  repeated  by  the  membrana  tympani, 
are  conveyed  by  the  chain  of  bones  to  the  liquid  of  the 
labyrinth,  and  by  it  to  the  terminal  filaments  of  the  auditory 
nerves. 

The  vestibule  and  semicircular  canals  seem  to  possess 
much  less  importance  in  the  appreciation  of  sound  than  the 
cochlea.  In  the  cochlea,  throughout  the  entire  extent  of  the 
spiral  canal,  is  the  organ  of  Corti,  presenting,  among  other 
structures,  about  8,700  rods,  varying  in  length,  called  the 
rods  of  Corti.  But  little  is  known  of  the  anatomical  rela- 
tions between  the  auditory  nerves  and  the  organ  of  Corti ; 
still,  it  is  thought,  as  a  matter  of  pure  theory,  that  the  rods 
of  Corti  are  timed  in  unison  with  different  tones,  that  they 
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repeat  the  tones  conveyed  to  the  cochlea,  and  that  we  are 
thus  enabled  to  distinguish  the  different  tones  in  music. 

We  have  nd  very  definite  knowledge  of  the  functions  of 
the  cells  of  the  organ  of  Corti,  of  the  otoliths,  and  of  various 
other  structures  in  the  auditory  apparatus.  Sounds  may  be 
conducted  to  the  auditory  nerves  through  the  bones  of  the 
head  and  the  Eustachian  tube,  as  is  shown  by  the  simple  and 
familiar  experiment  of  placing  a  tuning-fork  in  vibration  in 
contact  with  the  head  or  between  the  teeth. 


CHAPTER  X. 

GUSTATION. 

Savory  substances— Relations  between  gustation  and  olfaction ;  taste  and  flavor 
— Modifications  of  the  sense  of  taste— Nerves  of  taste— Chorda  tympani — 
Facial  paralysis  with  impairment  of  taste— Paralysis  of  general  sensibility 
of  the  tongue  without  impairment  of  taste — Glossopharyngeal  nerve  (first 
division  of  the  eighth) — Physiological  anatomy — General  properties  of  the 
glossopharyngeal — Relations  of  the  glossopharyngeal  nerves  to  gustation 
— Differences  in  the  properties  of  different  portions  of  the  gustatory  organ 
— Mechanism  of  gustation — Physiological  anatomy  of  the  organ  of  taste— 
Papillae  of  the  tongue— Taste-buds,  or  taste-beakers — Connections  of  the 
nerves  with  the  organs  of  taste. 

The  special  sense  of  taste  enables  ns  to  appreciate  what  is 
known  as  the  savor  of  certain  substances  introduced  into  the 
mouth ;  and  this  sense  exists,  in  general  terms,  in  parts  sup- 
plied by  filaments  from  the  lingual  branch  of  the  fifth  and 
the  glossopharyngeal  nerves. 

It  is  somewhat  difficult  to  define  precisely  what  is  meant 
by  savory  substances.  The  word  savory  is  frequently  used 
so  as  to  include  the  quality  of  odor ;  and,  indeed,  the  senses 
of  gustation  and  olfaction  are  quite  closely  connected.  Al- 
most all  substances  that  affect  the  sense  of  taste  possess  a 
certain  odor,  and  taste  and  smell  are  thus  simultaneously  im- 
pressed. Medicinal  articles  of  a  disagreeable  taste  may  some- 
times be  swallowed  without  making  a  very  disagreeable  im- 
pression, if  the  nares  be  closed.  Again,  when  the  nares  are 
closed  or  when  the  sense  of  smell  is  rendered  obtuse  by  an 
affection  of  the  Schneiderian  membrane,  it  is  difficult  to  dis- 
tinguish delicate  shades  of  flavor,  as  the  differences  in  wines. 
This  is  a  matter  of  common  observation  and  remark.    There 
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are,  also,  certain  articles  which  have  a  repulsive  odor,  the 
taste  of  which  is  not  disagreeable,  such  as  some  varieties  of 
old  cheese.  As  a  rule,  however,  articles  agreeable  to  the 
taste  possess  an  agreeable  odor,  and  the  senses  of  taste  and 
smell  are  not  easily  separated  from  each  other.  These  facts 
have  led  to  a  distinction,  which  cannot,  however,  be  always 
made  with  accuracy,  between  true  tastes  and  flavors.  It  is 
assumed,  by  some  physiologists,  that  the  true  tastes  are  quite 
simple,  presenting  the  qualities  which  we  recognize  as  sweet, 
acid,  saline,  and  bitter;  while  the  more  delicate  shades  of 
what  are  called  flavors  nearly  always  involve  olfactory  im- 
pressions, which  it  is  difficult  to  separate  entirely  from  gusta- 
tion. We  have  already  incidentally  alluded  to  this  point  in 
treating  of  olfaction,  and  have  cited  cases  of  loss  of  the  sense 
of  smell  with  no  impairment  of  what  we  have  just  described 
as  true  taste,  but  a  loss  of  power  of  appreciating  flavors.1 

If  we  apply  the  term  savor  exclusively  to  the  quality 
which  makes  an  impression  upon  the  sense  of  taste,  we  rec- 
ognize that  the  sensation  is  special  in  its  character,  and  dif- 
ferent from  the  tactile  sensibility  of  the  parts  involved  and 
from  the  sensation  of  temperature.  The  terminal  filaments 
of  the  gustatory  nerves  are  impressed  by  the  actual  contact 
of  savory  substances,  which  must,  of  necessity,  be  soluble. 
To  a  certain  extent,  there  is  a  natural  classification  of  savors, 
some  of  which  are  agreeable,  and  others  disagreeable ;  but 
even  this  distinction  is  modified  by  habit,  education,  and  va- 
rious other  circumstances.  Articles  that  are  unpleasant  in 
early  life  often  become  agreeable  in  later  years.  Inasmuch  as 
the  taste  is,  to  some  extent,  an  expression  of  the  nutritive 
demands  of  the  system,  it  is  f ound  to  vary,  under  different 
conditions.  Chlorotic  females,  for  example,  frequently  crave 
the  most  unnatural  articles,  and  these  morbid  tastes  may  dis- 
appear under  appropriate  treatment.  Inhabitants  of  the 
frigid  zones  seem  to  crave  fatty  articles,  and  will  even  drink 
rancid  oils  with  avidity.    Patients  often  become  accustomed 

1  See  page  85. 
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to  the  most  disagreeable  remedies  and  take  them  without  re- 
pugnance. Again,  the  most  savory  dishes  may  even  excite 
disgust,  when  the  sense  of  taste  has  become  cloyed,  while  ab- 
stinence sometimes  lends  a  delicious  flavor  to  the  simplest 
articles  of  food.  The  taste  for  certain  articles  is  certainly 
acquired,  and  this  is  almost  always  true  of  tobacco,  now  so 
largely  used  in  civilized  countries 

Any  thing  more  than  the  simplest  classification  of  savors 
is  difficult,  if  not  impossible.  We  recognize  that  certain 
articles  are  bitter  or  sweet,  empyreumatic  or  insipid,  acid  or 
alkaline,  etc.,  but,  beyond  these  simple  distinctions,  the  shades 
of  distinction  are  closely  connected  with  olfaction  and  are  too 
delicate  and  numerous  for  detailed  description.  Many  per- 
sons are  comparatively  insensible  to  nice  distinctions  of  taste, 
while  others  recognize  with  facility  the  most  delicate  differ- 
ences. Strong  impressions  may  remove,  for  a  time,  the  ap- 
preciation of  less  powerful  and  decided  flavors.  The  tempt- 
ing of  the  appetite  by  a  proper  gradation  of  gustatory  and 
odorous  impressions  is  illustrated  in  the  modern  cuisms, 
which  aims  at  an  artistic  combination  and  succession  of  dishes 
and  wines,  so  that  the  agreeable  sensations  are  prolonged  to 
the  utmost  limit.  This  may  often  be  regarded  as  a  violation 
of  strictly  hygienic  principles,  but  it  none  the  less  exempli- 
fies the  cultivation  of  the  sense  of  taste. 

In  discussing  the  physiology  of  taste,  we  shall  avoid  an 
elaborate  and  artificial  classification  of  savory  articles,  and 
use  the  terms  sweet,  acid,  bitter,  etc.,  as  they  are  commonly 
understood.  We  shall  first  describe  the  physiological  anat- 
omy and  properties  of  the  gustatory  nerves,  and  then  con- 
sider the  mechanism  of  gustation,  the  special  organs  of  taste, 
and  the  probable  mode  of  connection  between  the  organs  of 
taste  and  the  nerves. 

JWerves  of  Taste. — Two  nerves,  the  chorda  tympani  and 
the  glosso-pharyngeal,  preside  over  the  sense  of  taste.  These 
nerves  seem  to  be  distributed  to  distinct  portions  of  the  gus- 
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tatory  apparatus  and  to  have  somewhat  different  functions. 
The  chorda  tympani  has  already  been  referred  to  as  one  of 
the  branches  of  the  facial ;  *  the  glossopharyngeal,  one  of  the 
nerves  of  the  eighth  pair,  has  not  yet  been  described. 

Chorda  Tympani. — In  the  description-  we  have  given  of 
the  facial,  the  chorda  tympani  is  spoken  of  as  the  fourth 
branch.  It  passes  through  the  tympanum,  between  the  ossicles 
of  the  ear,  and  joins  the  inferior  maxillary  division  of  the 
fifth,  at  an  acute  angle,  between  the  two  pterygoid  muscles, 
becoming  so  closely  united  with  it  that  it  cannot  be  followed 
farther  by  ordinary  dissection.  It  is  impossible  to  determine 
with  certainty  from  what  root  the  filaments  of  this  branch 
derive  their  origin,  whether  from  the  main  trunk  or  the  in- 
tennediarv  nerve  of  Wri8berg ;  but  experiments  have  shown 
that  it  possesses  functions  entirely  distinct  from  those  of  the 
other  branches  of  the  facial.  The  lingual  branch  of  the  in- 
ferior maxillary  division  of  the  fifth  has  been  called  the  gus- 
tatory branch ;  but  this  is  an  error ;  for,  as  we  shall  see,  the 
fifth  has  nothing  to  do  with  gustation,  except  that  it  is  joined 
with  filaments  of  the  chorda  tympani,  which  reach  the  tongue 
through  the  lingual  branch. 

As  regards  the  course  of  the  filaments  of  the  chorda  tym- 
pani after  this  nerve  has  joined  the  fifth,  there  can  be  no 
doubt,  both  from  the  effect  upon  taste  following  its  division,9 
and  the  alteration  of  the  nerve-fibres.  Vulpian  and  Provost,* 
by  the  so-called  Wallerian  method,  after  dividing  the  chorda 
tympani,  found  degenerated  fibres  at  the  terminations  of  the 
Ungual  branch  of  the  fifth  in  the  mucous  membrane  of  the 
tongue,  the  fibres  being  examined  ten  days  or  more  after  the 
section.  It  is  W9II  known  that,  a  number  of  days  after  the 
section  of  a  nerve,  its  fibres  of  distribution  undergo  change, 

1  See  yoL  iv.,  Nervous  System,  p.  149,  et  %eq. 

1  Vcxpiajt,  jfyudes  sur  VappareU  wuo-motew. — Revue  unentifique,  Paris,  1878, 
2*  sene,  tome  til,  p.  179. 

8  Prevobt,  Nouvelles  experiences  relatives  aux  foncHons  gustatives  du  nerf  Un- 
gual.— Archives  de  physiologie^  Paris,  1873,  tome  t.,  p.  888. 
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and  these  observations  leave  no  donbt  of  the  fact  that  the 
chorda  tympani  is  really  distributed  to  the  lingual  mucous 
membrane.  Observations  on  the  sense  of  taste  show  that 
the  chorda  tympani  is  distributed  to  about  the  anterior  two- 
thirds  of  the  tongue. 

The  general  properties  of  the  chorda  tympani  have  only 
been  ascertained  by  observations  made  after  its  paralysis  or 
division.  All  experiments,  in  which  excitation  has  been  ap- 
plied directly  to  the  nerve  in  living  animals,  have  been  nega- 
tive in  their  results.  Longet  states  that,  when  the  nerve  has 
been  isolated  as  completely  as  possible,  and  all  reflex  action  is 
excluded,  its  galvanization  produces  no  movement  in  the 
tongue.1 

For  a  long  time,  the  lingual  branch  of  the  inferior  maxil- 
lary division  of  the  fifth  has  been  regarded  as  a  nerve  of 
taste,  and  has  been  called  the  gustatory  branch.  In  1786, 
Caldani  noted,  in  an  affection  of  the  fifth  pair,  called  "  cynic 
spasm,"  loss  of  the  sense  of  taste.9  In  1818,  Bellingeri  dis- 
cussed the  question  whether  the  sense  of  taste  in  the  tongue 
was  derived  from  proper  filaments  of  the  fifth  pair  or  from 
filaments  passing  to  the  fifth  from  the  seventh  by  the  chorda 
tympani,  and  came  to  the  conclusion  that  the  gustatory  sense 
was  due  to  the  filaments  of  the  chorda  tympani.'  In  1821, 
Professor  Roux  described  his  own  case  of  paralysis  of  .the 
facial,  and  noted  that  "  the  sense  of  taste  was  affected  in  the 
right  side  of  the  tongue,  so  that  every  thing  tasted  metallic ; 4 
but,  in  this  observation,  no  mention  was  made  of  the  chorda 
tympani  In  1831,  Montault  noted  loss  of  taste  in  deep  palsy 
of  the  facial  and  explained  it  by  indicating  an  affection  of 
the  chorda  tympani.*    Since  that  time,  it  has  been  established 

1  Lonqet,  Traili  de  physiologU,  Paris,  1869,  tome  iii,  p.  581,  note. 

*  Caldani,  Institutions  Physiologic*,  Venetiis,  1786,  p.  168. 

*  Bellingeri,  Dissertatio  Inauguralis,  Quinti,  et  Septimi  Pari*  Functioned 
1818,  p.  170. 

4  Bell,  The  Nervous  System  of  the  Human  Body,  London,  1844,  p.  829. 

*  Montault,  Dissertation  sur  Vhbniptegie  faciale,  These,  No.  800,  Paris,  1881, 
p.  22. 
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beyond  question  that,  in  cases  of  facial  palsy  in  which  the 
lesion  affects  the  root  so  deeply  as  to  involve  the  chorda  tym- 
pani,  there  is  loss  of  taste  in  the  anterior  two-thirds  of  the 
tongue,  tactile  sensibility  being  unaffected-  Cases  illustrating 
this  fact  have  been  cited  by  Stich/  Bernard/  Lnsanna,*  Bazire,4 
and  many  others.  In  another  volume,  we  have  given  the  re- 
port of  a  case  of  facial  paralysis  produced  by  a  gunshot- 
wound  through  the  head,  in  which  we  observed  that  the  sense 
of  taste  was  entirely  abolished  in  the  anterior  portion  of  the 
tongue  on  the  affected  side/ 

Aside  from  cases  of  paralysis  of  the  facial  with  impair- 
ment of  taste,  in  which  the  general  sensibility  of  the  tongue 
is  intact,  numerous  instances  are  on  record  of  affections  of 
the  fifth  pair,  in  which  the  tongue  is  absolutely  insensible  to 
ordinary  impressions,  the  sense  of  taste  being  preserved.  A 
number  of  such  cases  have  been  reported  by  Schiff,6  Lusanna,* 
and  others ;  and  show  conclusively  that  the  fifth  pair  presides 
over  general  sensibility  only,  and  that  it  is  not  a  gustatory 
nerve,  except  by  virtue  of  filaments  derived  from  the  chorda 
tympani. 

Passing  from  the  consideration  of  pathological  cases  to 
experiments  upon  living  animals,  the  results  are  equally  satis- 
factory.   Although  it  is  somewhat  difficult  to  observe  im- 

1  Stich,  BeUrtige  sur  Kenntniss  der  Chorda  tympani, — Annalen  des  ChariU- 
Krankenhauses,  etc.,  zu  Berlin,  Berlin,  1857,  BcL  viii.,  S.  59,  et  seq. 

1  Bkrkabd,  Zecons  sur  la  physiologic  et  la  pathologic  du  systems  nerveux,  Paris, 
1858,  tome  il,  p.  120,  et  seq. 

*  Lubanva,  Recherche*  cxpknmentales  et  observations  pathologiqucs  sur  Us  nerfs 
du  gout, — Archives  de  physiologic,  Paris,  1869,  tome  ii,  p.  20,  et  seq. 

4  Bazire,  Case  of  Facial  Paralysis,  with  Impairment  of  Taste  and  Acoustic 
Hyperesthesia  on  the  same  side  as  the  Paralysis. — Quarterly  Journal  of  Psycho- 
logical Medicine,  New  York,  1868,  vol  ii,  p.  186. 

*  See  toL  it.,  Nervous  System,  p.  157,  where  we  have  given  full  details  of 
this  case. 

*  Schitf,  Zecons  sur  la  physiologic  de  la  digestion,  Florence  et  Turin,  1867, 
tome  i.,  p.  108,  et  seq, 

T  Lusakna,  Sur  lee  nerfs  du  gouX— Archives  de  physiologic,  Paris,  187l-'72, 
tome  iv.,  p.  151,  et  seq. 


238  SPECIAL  SENSES. 

pairment  of  taste  in  animals,  Bernard  and  others  have  suc- 
ceeded in  training  dogs  and  cats  so  as  to  observe  the  effects 
of  colocynth  and  various  sapid  substances  applied  to  the 
tongue.  In  a  great  number  of  experiments  of  this  kind, 
made  by  Bernard,1  Schiff,"  and  Lusanna,*  it  has  been  observed 
that,  after  section  of  the  chorda  tympani,  or  of  the  facial  so 
as  to  involve  the  chorda  tympani,  the  sense  of  taste  is  abol- 
ished in  the  anterior  two-thirds  of  the  tongue  on  the  side  of 
the  section.  However  this  result  may  be  explained,  the  fact 
remains,  that  section  of  the  nerve  in  the  lower  animals  is 
followed  by  the  same  results  as  those  observed  in  pathological 
observations.  In  a  remarkable  case  reported  by  Moos,4  the 
introduction  of  an  artificial  membrana  tympani  was  followed 
by  loss  of  taste  upon  the  corresponding  side  of  the  tongue, 
and  upon  both  sides,  when  a  membrane  was  introduced  into 
each  ear.  This  disappeared  when  the  membranes  were  re- 
moved, and  the  phenomena  were  referred  to  pressure  upon 
the  chorda  tympani.  Experimenters  are  somewhat  at  van- 
ancewith^dto&eXts  observed  upon  animals,  some 
asserting  that  the  sensations  of  teste  are  simply  delayed  in 
their  manifestation ;  but  we  must  remember  the  difficulty  of 
such  observations,  and  we  are  to  rely  mainly  upon  the  unmis* 

1  Bernard,  Systems  nerveux,  Paris,  1858,  tome  ii.,  p.  122. 

*  Schiff,  Digestion,  Florence  et  Turin,  1867,  tome  i.,  p.  188. 

*  Lusanna,  Recherche*  expSrimentales  et  observations  pathologiques  sur  lesnerfs 
du  gout. — Archives  de  physiologic,  Paris,  1869,  tome  ii.,  p.  201. 

In  some  of  the  experiments  referred  to,  it  is  stated  that  the  gustatory  im- 
pression is  retarded  and  not  entirely  destroyed.  This  is  explained  on  the  suppo- 
sition that  section  of  the  nerve  renders  the  mucous  membrane  dry,  and  that  the 
action  of  sapid  substances  is  thereby  delayed ;  but  it  is  equally  reasonable  to 
suppose  that,  after  a  time,  the  articles  are  diffused  and  impress  branches  of  the 
glossopharyngeal. 

4  Moos,  Alterations  of  Taste  and  Sensibility  in  the  Tongue  by  the  Application 
of  an  Artificial  Tympanum  in  a  Case  of  Large  Perforations  in  both  Membrana 
Tympani. — Archives  of  Ophthalmology  and  Otology,  New  York,  1869,  vol  L,  p. 
140,  et  seq. 

The  symptoms  in  this  case  are  rather  indefinitely  described  by  the  patient, 
and  no  very  accurate  observations  were  made.  The  patient  also  noted  some  in- 
terference with  the  general  sensibility  of  the  tongue. 
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takable  phenomena  noted  in  cases  of  affection  of  the  chorda 
tympani  in  the  human  subject. 

It  seems  tolerably  certain,  first,  that  the  gustatory  fila- 
ments of  the  lingual  branch  of  the  fifth  are  derived  exclu- 
sively from  the  chorda  tympani ;  second,  that  the  chorda 
tympani,  viewed  as  a  gustatory  nenre,  is  really  a  branch  of 
the  facial ;  third,  that  many  cases  of  paralysis  of  the  entire 
large  root  of  the  fifth,  in  the  human  subject,  present  loss  of 
general  sensibility  in  the  tongue  and  no  alteration  of  taste ; 
and  fourth,  that  paralysis  of  the  facial,  behind  the  origin  of  the 
chorda  tympani,  is  attended  with  loss  of  taste  in  the  anterior 
two-thirds  of  the  tongue,  without  any  affection  of  the  general 
sensibility  of  this  organ. 

We  have  made  the  above  statement  with  all  the  necessary 
qualifications,  and  with  an  appreciation  of  the  value  of  the 
various  experiments  bearing  upon  the  question.  It  is  fair  to 
say  that  section  of  the  fifth  at  or  near  the  ganglion  of  Gasser 
is  said  to  abolish  the  sense  of  taste  in  the  anterior  portion  of 
the  tongue,  as  well  as  the  general  sensibility ;  but  it  must  be 
remembered  that  it  is  difficult  to  make  observations  on  the 
sense  of  taste  in  the  lower  animals,  especially  after  paralysis 
of  sensation  in  the  tongue ;  and  that  numerous  cases  are  on 
record,  to  which  we  have  already  referred,  in  which,  in  the 
human  subject,  general  sensibility  in  the  tongue  was  absent, 
the  sense  of  taste  remaining.  On  the  other  hand,  in  certain 
cases  of  paralysis  of  the  facial,  the  sense  of  taste  is  absent, 
while  general  sensibility  is  intact.  In  view  of  this  fact,  we 
cannot  admit  the  proposition  of  Schiff,  that  the  gustatory 
nerves  of  the  anterior  portion  of  the  tongue  emerge  from 
the  encephalon  with  the  roots  of  the  fifth.1  As  regards  the 
mechanism  of  the  action  of  the  chorda  tympani  in  gustation, 
we  cannot  adopt  the  view  of  Bernard,9  that  it  acts  as.  a 

1  Schlpf,  Lepma  fur  la  physiologie  de  la  digestion,  Florence  et  Turin,  1867, 
tome  i.,  p.  140 ;  and,  Neue  Uhiersvchungen  iiber  die  Gesckmaksnerven  des  vorde- 
ren  TheiU*  der  Zunge. — Untersuchungep,  zur  NaturUhre,  etc.,  Gieeeen,  1870,  Bd. 
X.,  S.  406,  et  seq. 

*  Bernard,  Syttbne  nerveux,  Paris,  1858,  tome  ii.,  p.  111. 
146 
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motor  nerve — probably  through  the  salivary  glands — in  moist- 
ening the  gustatory  membrane. 

As  we  have  already  remarked,  it  is  difficult  to  determine 
the  exact  origin  of  the  filaments  of  the  chorda  tympani. 
They  may  come  from  the  root  called  the  nerve  of  Wrisberg, 
but  this  has  not  been  positively  established,  either  anatomi- 
cally or  physiologically ;  but  the  course  of  the  nerve,  after  it 
has  joined  the  lingual  branch  of  the  fifth,  is  sufficiently  clear, 
as  we  have  seen*  Schiff,  who  supposes  that  the  filaments 
presiding  over  the  sense  of  taste  are  derived  originally  from 
the  fifth,  assumes  that  these  filaments  "emerge  from  the 
cranium  with  the  second  branch  of  this  nerve,  enter  the 
spheno-palatine  ganglion,"  and  then  pass  to  the  third  branch 
by  a  course  which  is  as  yet  undetermined.1  If  this  be  the 
fact,  and  the  idea  is  based  chiefly  upon  physiological  grounds, 
extirpation  of  the  spheno-palatine  ganglia  should  abolish  the 
sense  of  taste  in  the  anterior  portion  of  the  tongue.  Al- 
though the  operation  of  removal  of  both  these  ganglia  is 
difficult,  this  has  been  done  successfully  by  Prevost,  who 
denies  that  such  a  mutilation  has  any  effect  upon  gustation.1 

As  a  summary  of  our  knowledge  regarding  the  gustatory 
properties  of  the  anterior  two-thirds  of  the  tongue,  certainly 
in  the  human  subject,  it  may  be  stated  without  reserve,  that 
these  properties  depend  upon  the  chorda  tympani,  its  gusta- 
tory filaments  being  derived  from  the  facial,  and  taking  their 
course  to  the  tongue  with  the  lingual  branch  of  the  inferior 
maxillary  division  of  the  fifth.  In  addition,  the  lingual 
branch  of  the  fifth  contains  filaments,  derived  from  the  large 
root  of  this  nerve,  which  endow  the  mucous  membrane  with 
general  sensibility. 

.  Glosso-Pharyngeal  (First  Division  of  the  Eighth). — The 
glossopharyngeal  is  distributed  to  those  portions  of  the  gus- 

1  Schitt,  Digestion,  Florence  et  Turin,  1867,  tome  L,  p.  140. 
*  Preyost,  KouveUts  experiences  relatives  aux  fonctions  gusiative*  du  nerf  &t- 
gual. — Archives  de  physiokgie,  Paris,  1878,  tome  v.,  p.  387. 
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tatory  mucous  membrane  not  supplied  by  filaments  from  the 
chorda  tympani.  It  is  undoubtedly  a  nerve  of  taste ;  and 
the  question  of  its  other  functions  will  be  fully  considered  in 
connection  with  its  general  properties,  as  well  as  the  differ- 
ences between  this  nerve  and  the  chorda  tympani.  We  have 
mentioned  this  nerve  in  another  volume  as  the  first  division 
of  the  eighth  pair,  according  to  the  classification  of  "Willis, 
but  have  to  treat  of  its  physiological  anatomy  in  this  connec- 
tion, as  its  most  important  function  is  in  connection  with 
gustation. 

Physiological  Anatomy. — The  apparent  origin  of  the 
glossopharyngeal  is  from  the  groove  between  the  lateral 
tracts  of  the  medulla  oblongata  and  the  inferior  peduncle  of 
the  cerebellum,  between  the  roots  of  the  auditory  nerve 
above  and  the  pneumogastric  below.  A  number  of  its  fila- 
ments of  origin  come  from  the  medulla  and  a  portion  from 
the  peduncle.  The  deep  origin  is  nearly  the  same  as  that  of 
the  pneumogastric,  its  filaments  arising  primarily  from  the 
gray  substance  of  the  medulla  oblongata.1  From  this  origin, 
the  filaments  pass  forward  and  outward  to  the  posterior  fora- 
men lacerum,  which  the  nerve  enters  in  company  with  the 
pneumogastric,  the  spinal  accessory,  and  the  internal  jugular 
vein.  At  the  upper  portion  of  the  foramen,  is  a  small  gan- 
glion, the  jugular  ganglion,  including  only  a  portion  of  the 
root.  Within  the  foramen,  is  the  main  ganglion,  including 
all  of  the  filaments  of  the  trunk,  called  the  petrous  ganglion, 
or  the  ganglion  of  Andersch,  after  the  anatomist  by  whom  it 
was  first  described." 

At  or  near  the  ganglion  of  Andersch,  the  nerve  usually 
receives  a  delicate  filament  from  the  pneumogastric.  This 
communication  is  sometimes  wanting.  The  same  may  be 
add  of  .  ■*■!  ffl»men.  p*«  to  fl.V-lk-n-1  ^ 

1  See  voL  iv.,  Nervous  System,  p.  204. 

*  Andersch,  Fragmenlum  DescriptionU  Nervorum  Cardiacorum  ;  in  Ludwio, 
Scriptore*  Nevrohgici  minora  telecti,  Lipsiae,  1792,  tomus  ii.,  p.  115. 
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the  facial,  which  is  not  constant.  Branches  from  the  glosso- 
pharyngeal go  to  the  otic  ganglion  and  to  the  carotid  plexus 
of  the  sympathetic. 

The  distribution  of  the  glossopharyngeal  is  quite  exten- 
sive. The  tympanic  branch,  the  nerve  of  Jacobson,  arises 
from  the  anterior  and  external  part  of  the  ganglion  of  An- 
dersch,  and  enters  the  cavity  of  the  tympanunl,  where  it  di- 
vides into  six  branches.  Of  these  six  branches,  two  poste- 
rior are  distributed  to  the  mucous  membrane  of  the  fenestra 
rotunda  and  the  membrane  surrounding  the  fenestra  ovalis ; 
two  anterior  are  distributed,  one  to  the  carotid  canal,  where  it 
anastomoses  with  a  branch  from  the  superior  cervical  ganglion, 
and  the  other  to  the  mucous  membrane  of  the  Eustachian 
tube ;  two  superior  branches  are  distributed  to  the  otic  gan- 
glion and,  as  is  stated  by  some  anatomists,  to  the  spheno- 
palatine ganglion.1 

A  little  below  the  posterior  foramen  lacerum,  the  glosso- 
pharyngeal sends  branches  to  the  posterior  belly  of  the  di- 
gastric and  to  the  stylo-hyoid  muscle.  There  is  also  a  branch 
which  joins  a  filament  from  the  facial  to  the  stylo-glossus. 

Opposite  the  middle  constrictor  of  the  pharynx,  three  or 
four  branches  join  branches  from  the  pneumogastric  and  the 
sympathetic  to  form  together  the  pharyngeal  plexus.  This 
plexus  contains  numerous  ganglionic  points,  and  filaments  of 
distribution  from  the  three  nerves  go  to  the  mucous  mem- 
brane and  the  constrictors  of  the  pharynx.  Probably,  the 
mucous  membrane  is  supplied  by  the  glossopharyngeal.  As 
we  have  stated  in  another  volume,  it  is  probable  that  the 
muscles  of  the  pharynx  are  supplied  by  filaments  from  the 
pneumogastric,  which  are  originally  derived  from  the  spinal 
accessory.* 

Near  the  base  of  the  tongue,  branches  are  sent  to  the 
mucous  membrane  covering  the  tonsils  and  the  soft  palate. 

The  lingual  branches  penetrate  the  tongue  about  midway 

1  Safpey,  Trait*  cTanaiomie,  Paris,  1871,  tome  iii.,  p.  339. 
•  See  toL  iv.,  Nervous  System,  p.  207 
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between  its  border  and  centre,  and  are  distributed  to  the  mu- 
cous membrane  at  its  base,  being  probably  connected  with  the 
papillae. 

General  Properties  of  the  Gloseo-Pharyngeal. — As  in 
the  case  of  other  sensory  nerves  emerging  from  the  cranial 
cavity,  it  ia  important,  in  studying  the  general  properties  of 
the  glossopharyngeal,  to  make  our  observations  under  certain 
conditions.  First,  it  must  be  remembered  that  this  nerve 
contracts  anastomoses  a  short  distance  from  its  origin.  As 
we  desire  to  know  the  properties  of  the  original  filaments  of 
the  nerve,  we  must  operate  upon  it  before  it  has  received 
communicating  fibres.  Next,  in  irritating  sensory  nerves,  we 
are  liable  to  produce  reflex  contractions.  To  avoid  this,  the  * 
nerve  must  be  divided ;  when  the  reflex  contractions  will  only 
follow  stimulation  of  the  central  end.  It  is  probably  from  a 
neglect  of  these  essential  experimental  conditions,  that  the 
results  of  direct  observation  have  been  so  discordant  in  the 
hands  of  different  physiologists. 

To  begin  with,  we  shall  assume  that  the  glossopharyngeal 
must  be  irritated  between  its  origin  and  the  ganglion  of  An- 
dersch,  in  order  to  avoid  anastomosing  filaments  from  motor 
nerves,  and  that  the  nerve  must  be  divided,  and  irritation  be 
applied  to  its  peripheral  end,  to  avoid  reflex  movements. 
Assuming  these  conditions  as  essential,  we  can  discard  most 
of  the  earlier  experiments,  as  open  to  the  objections  we  have 
mentioned.  Longet,  operating  on  horses  and  dogs,  after  re- 
moval of  the  cerebral  lobes  and  division  of  the  glossopharyn- 
geal, found  that  galvanization  of  the  peripheral  extremity  of 
the  nerve  did  not  produce  movements  of  the  palate  or  phar- 
ynx ;  *  and,  from  these  experiments,  he  concludes  that  the 
nerves  are  exclusively  sensory  at  their  roots,  or,  at  least,  that 
they  do  not  contain  motor  filaments.  This  we  accept  as  con- 
clusive, notwithstanding  the  contrary  assertion  of  Chauveau, 

1  Longet,  Anatomie  et  physiologic  du  tystbne  nervcux,  Paris,  1842,  tome  ii., 
;>.  220 ;  and,  Traiti  de  physiologic,  Paris,  1869,  tome  ill.,  p.  501. 
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who  operated  without  dividing  the  nerves,  and  who  observed 
contractions,  which  were  undoubtedly  reflex.1  In  another  vol- 
ume, under  the  head  of  movements  of  the  palate  and  uvula, 
we  have  cited  in  detail  a  series  of  experiments  by  Bernard 
and  Bavaine,  which  illustrate  the  reflex  movements  of  the 
velum  palati  through  the  facial,  produced  by  galvanization  of 
the  glossopharyngeal.*  As  a  complement  to  the  first  experi- 
ments of  Longet,  just  cited,  the  same  observer  noted  contrac- 
tions of  the  pharyngeal  muscles  following  galvanization  of 
the  peripheral  end  of  the  divided  nerve  in  the  neck,  which 
could  only  be  produced  by  the  action  of  motor  anastomos- 
ing filaments." 

As  regards  general  sensibility,  there  can  be  no  doubt  of 
'the  fact  that  the  glossopharyngeal  is  sensory,  though  its  sen- 
sibility is  somewhat  obtuse.  In  the  experiments  in  which 
the  nerve  has  seemed  to  be  insensible  to  ordinary  impressions, 
it  is  probable  that  the  animals  operated  upon  had  been  ex- 
hausted more  or  less  by  pain  and  loss  of  blood  in  the  opera- 
tion of  exposing  the  nerve,  which,  it  is  well  known,  abolish 
the  sensibility  of  some  of  the  nerves.  Longet  states  dis- 
tinctly that,  unless  the  animals  (dogs)  be  already  exhausted  by 
resistance  during  the  operation,  they  have  always  appeared  to 
Buffer  pain  on  pinching  or  dividing  the  gWpharvngeal.' 
The  observations  of  SchifE,  also,  lead  to  a  similar  conclusion.* 

Experiments  upon  the  glossopharyngeal  are  not  very 
definite  and  satisfactory  in  their  results,  as  regards  the  gen- 
eral sensibility  of  the  base  of  the  tongue,  palate,  and  pharynx. 
The  sensibility  of  these  parts  seems  to  depend  chiefly  upon 
branches  of  the  fifth,  passing  to  the  mucous  membrane 
through  Meckel's  ganglion.    Experiments  show,  also,  that  the 

1  Ceuluyiau,  Du  nerf  pneumogasirique. — Journal  de  la  physiologic,  Paris, 
1862,  tome  v.,  p.  209. 

*  See  voL  iv.,  Nervous  System,  p.  161. 

8  Longet,  TraitS  de  physiologie,  Paris,  1869,  tome  iil,  p.  (508. 
4  Op.  «/.,  p.  503. 

*  Schiit,  Lepmt  but  la  physiologic  de  la  digestion,  Florence  et  Turin,  1867 
p.  98. 
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reflex  phenomena  of  deglutition  take  place  mainly  through 

these  branches  of  the  fifth,1  and  that  the  glossopharyngeal 

has  little  or  nothing  to  do  with  the  process.    In  fact,  after 

|  division  of  both  glossopharyngeal  nerves,  deglutition  does 

not  seem  to  be  affected.* 

With  these  remarks,  we  dismiss  the  functions  of  the 
glosso-pharyngeals  as  nerves  of  general  sensibility,  and  shall 
consider,  in  detail,  their  relations  to  the  sense  of  taste. 

Relations  of  the  Glosso-Pharyngeal  Nerves  to  Gustation. 
— Physiological  writers  quote  the  observations  of  Panizza,  as 
•showing  that  these  nerves  preside  over  the  sense  of  taste. 
Panizza,  however,  appears  to  have  been  in  error  in  supposing 
that  the  nerves  under  consideration  have  no  influence  over 
general  sensibility,  and  that  their  section  abolishes  taste  com- 
pletely/ That  this  exclusive  view  is  erroneous,  is  sufficiently 
well  shown  by  observations  upon  the  gustatory  functions  of 
the  chorda  tympani.  The^  observations  of  Panizza  appeared 
in  1834 ;  and,  in  1839,  Valentin  published  a  number  of  ex- 
periments, in  which  the  views  of  Panizza  were  apparently 
confirmed,  and  he  also  asserted  that  taste  was  abolished  by 
section  of  both  glosso-pharyngeals  in  dogs.4  There  can  be 
no  doubt,  from  these  and  other  experiments,  that  the  glosso- 
pharyngeals  are  nerves  of  taste  and  are  distributed  to  the 
base  of  the  tongue ;  and  it  is  probable  that  those  who  have 
denied  this  property  have  mistaken  for  the  glosso-pharyngeals 
the  pharyngeal  branches  of  the  spinal  accessory.* 

In  the  experiments  both  of  Panizza  and  Valentin,  after 

1  See  toL  iv.,  Nervous  System,  pp.  195,  217. 

*  Lonoet,  TraiiS  de  phynologie,  Paris,  1869,  tome  ill,  p.  507. 

Waller  et  Preyost,  Ittude  relative  aux  ner/s  aentiHfi  que  president  aux  phi- 
nominee  rSJUxet  de  la  deglutition. — Archives  de  physiologic,  Paris,  1870,  tome  iii., 
p.  S58. 

*  Lonoet,  op.  c&,  p.  504. 

Lusanna,  Archive*  de  physiologic,  Paris,  1869,  tome  il,  p.  21. 
4  Valentin,  De  Fundionibut  Nervorum  Cercbralium  et  Nervi  Sympathici, 
Berate,  1889,  p.  41. 

*  Lonoet,  Trait*  de  physiologic,  Paris,  1869,  tome  iii.,  p.  504. 
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section  of  the  nerves  on  both  sides,  animals  ate,  lyithout  re- 
pugnance, meat  mixed  with  colocynth,  and  drank  colocynth 
mixed  with  milk,  while  other  animals  refused  these  articles 
with  every  indication  of  disgust  This  fact  has  also  been 
observed  by  Longet  *  and  by  Lnsanna.* 

Belying  upon  experiments  on  the  inferior  animals,  par- 
ticularly dogs,  it  seems  pretty  certain  that  there  are  two 
nerves  presiding  over  the  sense  of  taste :  The  chorda  tym- 
pani  gives  this  sense  to  the  anterior  portion  of  the  tongue 
exclusively,  probably  the  anterior  two-thirds ;  the  glosso- 
pharyngeal  Bupplies  this  sense  to  the  posterior  portion  of 
the  tongue ;  the  chorda  tympani  seems  to  have  nothing  to 
do  with  general  sensibility ;  while  the  glossopharyngeal  is  an 
ordinary  sensory  nerve,  as  well  as  a  nerve  of  special  sense. 

To  conclude  this  portion  of  our  subject,  we  may  cite 
quite  an  elaborate  series  of  observations  by  Lusanna,  showing 
that  the  sense  of  taste  varies  in  different  portions  of  the  gus- 
tatory apparatus.9 

Where  th^re  are  such  differences  in  the  delicacy  of  the 

1  Ixwott,  Traiti  de  physisfogie,  Paris,  1869,  tome  iii.,  p.  505. 
*  Lusanna,  Archives  de  physiologic,  Paris,  1869,  tome  ii.,  p.  24. 
8  Lusanna,  Rseherches  experimental^  et  observations  pcUhologiqvesear  Us  ner/s 
du  gout. — Archives  de  physiologic,  Paris,  1869,  tome  ii.,  p.  208.    The  observations 
in  the  table  were  made  by  the  pupils  of  Lusanna,  under  his  direction. 

M  A.  Savors  equally  well  appreciated  at  the  anterior  and  posterior  pari  «f  the 
tongue. 

{  a.  Taste  of  milk. 
b.  "     meats. 


1.  Aliments. 


<c  u     farinaceous  substances. 

d.  M     saccharine  substances. 

e.  "     fatty  substances. 

f.  "     alcohol 
#.  "     wines. 
h.         ""     acids. 
i.          <"     salts. 

a.  Piquant  taste. 

b.  Aromatic  * 


2.  Seasonings,  aromas,  coffee, 
pepper,  absinthe,  essential 
oils.  I  c-  Pungent    a 

[  d\  Ethereal    " 
"  B.  Savors  that  are  slightly  or  not  at  all  appreciated  at  the  anterior  ptrtton 
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sense  of  taste  as  exist  usually  in  different  individuals,  it 
must  be  difficult  to  describe  with  accuracy  delicate  shades 
of  savor,  particularly  in  alimentary  substances ;  but  the  dis- 
tinct impressions  of  acidity  or  bitter  quality  are  easily  rec- 
ognizable. From  the  observations  just  cited,  it  would  ap- 
pear that  saline,  acid,  and  styptic  tastes  are  best  appreciated 
through  the  chorda  tympani,  and  that  sweet,  alkaline,  bitter, 
and  metallic  impressions  are  received  mainly  by  the  glosso- 
pharyngeal. 

Mechanism  of  Quotation. — The  mode  in  which  sapid  sub- 
stances are  brought  in  contact  with  the  organ  of  taste  is  so 
simple,  that  we  need  only  allude  to  it,  before  we  study  the 
anatomy  of  the  parts  directly  concerned,  and  their  connec- 
tions with  the  terminal  filaments  of  the  gustatory  nerves. 
In  the  first  place,  the  articles  which  make  the  special  impres- 
sion are  in  solution ;  introduced  into  the  mouth,  they  increase 

of  the  tongue,  but  which  are  appreciated,  to  a  high  degree,  at  its  posterior  por- 
tion. 

a.  Caustic  and  acid  (mineral  adds,  eta). 

b.  Metallic  (sulphate  of  iron,  alum,  etc). 

c.  Alkaline. 

d.  Ammoniacal,  urinous. 

e.  Acrid  (jalap,  worm-seed,  onions,  garlics,  etc.). 
/.  Bitter  (colocynth,  quinine,  aloes). 

g.  Putrid. 

"  C.  Savors  appreciated  in  one  way  by  the  chorda  tympani,  and  in  another 
by  the  glossopharyngeal. 

At  the  uterlor  part  of  the  At  the  posterior  part  of  the 

Dtflereot  Articles.  tongue.  tongue. 

a.  Chloride  of  potassium.    Taste,  cool,  salt  Sweetish. 

b.  Acetate  of  potash.  "     burning,  acid,  pi*       Bitter,  nauseous,  neither 

quant.  acrid  nor  piquant 

c.  Nitrate  of  potash.  "     cool,  piquant  Bitter,  insipid. 

d.  Alum.  u     acid,  cool,  styptic.  Sweetish,  not  acid. 

e.  Sulphate  of  soda.  "     salt  Bitter. 

/.  Acetate  of  lead.  u     cool,  piquant,  styp-  Saccharine. 

tic 

g.  Oxalic  acid.  u     piquant  Bitter. 

K  Bisulphate  of  quinine.        M     piquant,  acid,  oooL  Very  bitter." 
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the  flow  of  saliva,  the  reflex  action  involving  chiefly  the  sub- 
maxillary and  sublingual  glands;  there  is  usually  more  or 
less  mastication,  which  increases  the  flow  of  the  parotid 
saliva ;  and,  during  the  acts  of  mastication  and  the  first  stages 
of  deglutition,  the  6apid  substances  are  distributed  over  the 
gustatory  membrane,  so  much  so,  indeed,  that  it  is  difficult  to 
exactly  locate  the  seat  of  the  special  impression.  In  this  way, 
by  the  movements  of  the  tongue,  aided  by  an  increased  flow 
of  saliva,  the  actual  contact  of  the  savory  articles  is  rapidly 
effected.  The  thorough  distribution  of  these  substances  over 
the  tongue  and  the  mucous  membrane  of  the  general  buccal 
cavity  leads  to  a  certain  amount  of  confusion  in  our  appre- 
ciation of  the  special  impressions ;  and,  in  order  to  ascertain 
if  different  portions  of  the  membrane  possess  different  prop- 
erties, it  is  necessary  to  make  careful  experiments,  limiting 
the  points  of  contact  as  closely  as  possible.  This  has  been 
done,  with  the  result  of  showing  that  the  true  gustatory  or- 
gan is  quite  restricted  in  its  extent,  and,  as  such,  it  demands 
special  anatomical  description. 

Physiological  Anatomy  of  the  Organ  of  Taste. — Eecent 
anatomical  and  physiological  researches  have  shown  that,  at 
least  in  the  human  subject,  the  organ  of  taste  is  probably 
confined  to  the  dorsal  surface  of  the  tongue.  In  the  old  ex- 
periments of  Yerni&re  and  of  Guyot  and  Admyrauld,  quoted 
and  in  part  confirmed  by  Longet,1  the  gustatory  sensibility  of 
the  tongue  was  established ;  and  Longet,  from  observations 
on  his  own  person,  touching  different  parts  of  the  mucous 
membrane  with  a  sponge  soaked  in  sapid  solutions,  came  to 
the  following  conclusions :  "  1.  I  cannot  admit  gustatory  sen- 
sibility in  the  mucous  membrane  which  covers  the  superior 
portion  of  the  velum  palati,  nor  for  that  which  covers  the 
sublingual  glands  and  the  inferior  surface  of  the  tongue.  2. 
I  do  not  regard  the  superior  and  middle  portion  of  the  tongue 
as  absolutely  devoid  of  this  kind  of  sensibility." 

1  Longet,  TtaiU  de  physiologic  Paris,  1869,  tome  iii.,  p.  55. 
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When  we  examine  the  structure  of  the  mucous  membrane 
of  the  mouth,  tongue,  and  palate,  we  find  that  the  upper  sur- 
face of  the  tongue  presents  numerous  papillae,  called,  in  con- 
tradistinction to  the  filiform  papillae,  fungiform  and  circum- 
vallate.  These  are  not  found  on  its  under  surface,  nor  any- 
where except  on  the  superior  surface.  It  is  pretty  well 
established,  particularly  since  the  recent  very  elaborate  ob- 
servations of  Dr.  Oamerer,  of  Wiirttemberg,  that  the  cir- 
cumvallate  and  fungiform  papillae  alone  are  the  organs  of 
taste.  This  experimenter,  by  the  application  of  solutions 
to  different  parts  through  fine  glass  tubes,  concluded  that 
the  parts  around  a  papilla  have  no  gustatory  sensibility,  but 
that  different  savors  can  be  distinguished  when  a  single 
papilla  is  touched.1  These  observations  give  a  new  im- 
portance to  the  peculiar  papillae  of  the  tongue,  and  we 
therefore  present  a  description  of  their  arrangement  and 
structure. 

In  Fig.  20,  which  represents  the  dorsal  surface  of  the 
tongue,  the  large,  circumvallate  papillae,  which  usually  num- 
ber from  seven  to  twelve,  are  seen  in  the  form  of  a  V,  oc- 
cupying the  base  of  the  tongue.  The  fungiform  papillae  are 
scattered  over  the  surface,  but  are  most  numerous  at  the  point 
and  near  the  borders.  Both  of  these  varieties  of  papillae  are 
distinguishable  by  the  naked  eye. 

The  circumvallate  papillae  are  simply  enlarged  fungiform 
papillae,  each  one  surrounded  by  a  circular  ridge,  or  wall, 
and  covered  by  numerous  small,  secondary  papillae.  The 
fungiform  papillae  have  a  short,  thick  pedicle  and  enlarged, 
rounded  extremities.  According  to  Sappey,  from  one  hun- 
dred and  fifty  to  two  hundred  of  these  can  easily  be  counted.* 
They,  also,  present  secondary  papillae  on  their  surface.  When 
the  mucous  membrane  of  the  tongue  is  examined  with  a  low 
magnifying  power,  particularly  after  maceration  in  acetic  or 

1  Caverkr,  Ueber  die  Abhangigkeit  des  GesehmackHnru  von  der  gereixten  SttU* 
der  Mundhohle.—Zeitschrift  fur  Biologie,  Munchen,  1870,  Bd.  vi.,  S.  440. 
*  Sappey,  Trait*  (Tanaiomie,  Paris,  1871,  tome  iii.,  p.  618. 
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dilate  hydrochloric  acid,  their  Btructure  is  readily  observed. 
They  are  abundantly  supplied  with  blood-vessels  and  nerves. 


,  1.  rtiromTOllit*  piptlte;  1  medlm  dnumnlftu  piptlle,  whlrh  entirely  mil  the  tanmea 
aerum;  8.  8,  8,  K  funnifcrni  MpUta ;  *.  4  Aliform  pipUlit;  6,6.Tertfc»l  fold!  ud  ramwi 
of  the  border  of  the  Louirue;  0,  4,  ft,  *.  fflind'a  Bt  the  befto  of  the  tongue;  T,  T.  lonalla;  3. 
epiglottic  9,  medln  jiluwi-splgloulc  fold.  (8«m,  TralU  ifanatomU,  FarU,  1STI,  tome 
10,  p.  MI.) 

Taste-Buds,  or  Taste-Beakere. — A  few  years  ago,  Loven 
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and,  a  little  later,  Schwalbe  ■  described,  under  these  names, 
peculiar  structures*  which  are  supposed  to  be  the  true  organs 
of  taste.  The;  are  found  on  the  lateral  slopes  of  the  circiun-  * 
vallate  papillte  and  occasionally  on  the  fungiform  papillie. 
The  structure  of  these  organs  is  very  simple.  They  consist 
of  flask-like  collections  of  spindle-shaped  cells,  which  are 
received  into  little  excavations  in  the  epithelial  covering  of 
the  mucous  membrane,  the  bottom  resting  upon  the  COn- 


Flg.  21    Medium -alnH  cfrnii 

ieen  lh»t  the  b*M  it  covep  .     .._. 

Fig.  w.  Cuniflfomi.'  Blifcnn.  ana  beni&phcrl™]  paptlke.— 1,  1.  two  Itantffonn  MpuTfr,  cov- 
ered with  necondaty  papilla-;  2,  i.  X  fllKbrm  papilla?:  8.  >  filiform  papllk,  the  prolonga- 
Hopri  of  which  in  timBl  outward ;  4.  t  filiform  papilla,  with  vertical  prolongations :  fi.  B. 
SUjill  filiform  paplllB.  with  the  prolongations  turned  Inward:  6.  li.  flHfOrm  papilla?  with 
■trlationi  U  their  but*;  T.  T.  heraiaphrrlcaJ  papillie,  elhrhtlv  apparent,  aluiafed  between 
the  funallbm.  and  the  nll/orm  paplll*.    (Sapfk,  Traili  (TanaUmiii,  Parle,  1811,  tome  UL, 

p.  sie.) 

nective-tissue  layer.  Their  form  is  ovoid,  and,  at  the  neck 
of  the  flask,  is  a  rounded  opening,  called  the  taste-pore. 
Their  length  is  from  -j^w  to  tJ^,  and  their  transverse  diame- 
ter, about  y^w  of  an  inch.'     The  cavity  of  the  taste-beakers  is 

1  Schwalbs,  Utber  dU  Ottchmac&torgunt  dtr  SSugethurt  mid  da  Mtwchen. 
—ArtMvfir  mikrotkopitche  Anatamm,  Bonn,  18S8,  Bd.  It.,  8.  104. 

In  the  sum  Arthit,,  1872,  Bd.  Till,  S.  (160,  is  ■  note  by  Mai  Schultie,  slating 
that  the  discovery  of  the  Schme ckbtchtr  had  beea  anticipated  in  a  Swedish  pub  - 
licatioq,  by  Loveo. 

*  Enoxlhinn,  in  Sthicikk,  Manual  of  Human  and  Comparative  Hittology, 
The  Sew  Sydenham  Society,  London,  1873,  vol.  ill,  p.  2. 
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filled  with  cells,  of  which  two  kinds  are  described.  The  first 
variety,  the  outer  cells,  or  the  cover-cells,  are  spindle-shaped, 
•  and  curved,  to  correspond  to  the  wall  of  the  beaker.  These 
come  to  a  point  at  the  taste-pore.  In  the  interior  of  the 
beaker,  are  elongated  ccIIb,  with  large,  clear  nuclei,  which  are 


*1  Uutt-orgaa  of  th«  nbbtt.    (Emnjuss,  In  Bnicni.  Htmdbuclt 
LUin  mm  d«*  Qtwtbtn,  LeH«l#,  1SS8,  B.  HH.) 

called  taste-cells.  It  is  supposed  that  nerve-fibrils  are  con- 
nected directly  with  these  cells.'  As  far  as  we  can  learn,  the 
only  reason  why  these  BtructureB  are  connected  with  the 
physiology  of  gustation  is  on  account  of  their  anatomical  re- 
lations to  the  gustatory  papilla:. 

It  now  only  remains  to  note  the  ultimate  distribution  of 
the  nerves  in  the  gustatory  organ.  Upon  this  point,  ana- 
tomical researches  are  not  entirely  satisfactory.  However, 
the  following  description,  by  Elin,  may  be  regarded  as  prob- 
ably correct,  though  the  facts  have  not  been  absolutely  de- 
monstrated. According  to  this  authority,  from  the  submu- 
cous tissue,  small  nerve-branches  pass  perpendicularly  to  the 
upper  layer  of  the  membrane.  These  fibres  have  a  varicose 
appearance.  In  the  most  superficial  layer  of  the  mucous 
membrane,  there  is  a  net-work  of  fine,  non-medullated  fibres ; 

1  Esgelkasn,  in  SthcCUR,  Manual  of  Human  and  Comparative  Miitotogy, 
The  New  Sydenham  Society,  London,  1878,  vol.  iii.,  p.  9. 
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from  this  net-work,  branches  follow  the  blood-vessels  into  the 
papillae  and  penetrate  the  epithelium.  Sometimes,  though 
more  seldom,  they  pass  into  the  epithelium  lying  between 
the  papillae.  In  this  layer,  there  are  branches  which  end, 
some  in  nerve-cells,  and  some  taking  a  winding  course  and 
passing  into  neighboring  fibres.1  These  descriptions  are  from 
preparations  made  with  chloride  of  gold ;  but  the  plates  by 
which  they  are  illustrated  are  somewhat  unsatisfactory. 

According  to  the  views  of  those  who  have  described  the 
so-called  taste-beakers,  sapid  solutions  find  their  way  into  the 
interior  of  these  structures  through  the  taste-pores,  come  in 
contact  with  what  have  been  called  the  taste-cells,  these 
structures  being  directly  connected  with  the  terminal  fila- 
ments of  the  gustatory  nerves. 

1  Elin,   Zur  Kentniss  der  feineren  Nerven  der  MtmdhBftlemcMeimhaut--> 
Archiv/ur  mikroacopische  Anatomie,  Bonn,  1871,  Bd.  vii.,  S.  987. 
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GENERATION — FEMALE  0BGAX8. 

General  considerations — Sexual  generation — Spontaneous  generation,  so  called— 
Female  organs  of  generation — General  arrangement  of  the  female  organs — 
External  and  internal  organs — The  ovaries — Graafian  follicles — Primordial 
ova — Erectile  tissue  of  the  ovaries— Development  of  the  Graafian  follicles— 
The  parovarium— The  uterus — Muscular  tissue  of  the  uterus — Mucous  mem- 
brane of  the  uterus — Uterine  tubes — Blood-vessels  and  erectile  tissue  of  the 
uterus — The  Fallopian  tubes. 

A  review  of  the  physiological  processes  which  we  have 
thus  far  studied  shows  that  the  functions  of  the  perfected 
organism  are  divided  into  two  great  classes : 

The  first  class  of  functions  may  be  grouped  under  the 
general  head  of  nutrition,  taken  in  its  widest  sense.  Nutri- 
tion is  common  to  animal  and  vegetable  life ;  and  this  is 
sometimes  called  a  vegetative  process. 

The  study  of  nutrition  involves  the  following  considera- 
tions: First,  the  blood,  which  is  the  great  nutritive  fluid, 
contained  in  the  innumerable  vessels  which  penetrate  nearly 
all  of  the  tissues  and  organs  of  the  body  and  are  connected 
with  the  system  of  lymphatic  and  lacteal  vessels.  Second, 
the  process  by  which  the  blood  is  circulated,  sent  by  the 
heart  to  all  parts  in  the  capillary  system,  used  by  the  tissues 
for  their  nutrition,  then  losing  oxygen,  gaining  carbonic 
acid,  and  being  returned  by  the  veins.  Third,  respiration, 
the  blood  being  freed  from  carbonic  acid  and  getting  a  new 
supply  of  oxygen  in  the  lungs,  by  which  it  is  rendered  capa- 
ble of  again  circulating  through  the  general  system.  Fourth, 
as  the  blood,  in  its  passage  through  the  capillary  vessels,  not 
only  loses  oxygen,  but  is  more  or  less  impoverished  by  the 
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assimilation  of  its  nutritive  constituents  by  the  tissues,  it  is 
necessary  to  keep  it  up  to  the  proper  nutritive  standard ;  and 
this  is  effected  by  alimentation,  digestion,  and  absorption. 
Fifth,  we  have  certain  secretions,  necessary  to  the  above- 
mentioned  processes ;  and  the  products  of  physiological  waste 
or  decay  of  the  tissues  are  removed  by  excretion.  Sixth,  the 
processes  of  vegetative  life  involve  the  production  of  heat, 
and  are  regulated  and  coordinated  by  the  nervous  system. 

The  second  class  of  functions  relates  to  animal  life,  and 
these  are  called  the  functions  of  relation.  In  this  class,  are 
included  movements,  voice  and  speech,  the  functions  of  the 
cerebrospinal  nervous  system,  and  the  operation  of  the  spe- 
cial senses. 

In  studying  the  processes  of  nutrition  of  the  general  sys- 
tem, we  observe  that  certain  constituents  of  the  organism, 
which  contain  nitrogen  and  are  exclusively  of  organic  origin, 
have  the  property,  in  the  living  body,  of  self-regeneration; 
i.  e.3  when  these  parts  are  brought  in  contact  with  nutritive 
matter  in  proper  form,  as  it  exists  in  the  blood,  this  matter 
is  appropriated  and  transformed  into  the  substance  of  each 
tissue  and  organ.  It  is'  in  this  way  that,  during  adult  life, 
the  different  parts  of  the  organism  are  maintained  in  a  tolera- 
bly uniform  condition.  In  the  absence  of  an  exact  knowledge 
of  the  cause  and  nature  of  these  assimilative  processes,  we  call 
them  vital ;  which  term  is  applied  to  a  constant  property  of  liv- 
ing, organized  parts.  Physiologists  have  ascertained  that  each 
tissue  and  organ  of  the  body  possesses  one  or  more  character- 
istic organic  nitrogenized  constituents  which  are  possessed  of 
this  so-called  vital  property.  But,  at  the  same  time,  it  is  al- 
ways observed  that  the  organic  nitrogenized  constituents  of 
the  organism  are  combined  most  intimately  with  a  tolerably- 
definite  quantity  of  inorganic  matter,  which  latter  regulates, 
to  a  certain  extent,  the  nutritive  processes,  and  constitutes, 
also,  an  important  component  part  of  the  tissues.  It  is  ob- 
served, in  addition,  that,  during  early  life,  when  the  system  is 
proceeding  toward  its  perfect  development  by  growth,  the 

147 
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proportion  of  inorganic  matter  is  less  than  in  the  adult,  and 
that  the  process  of  nutrition  is  then  at  its  maximum  of  activ- 
ity, the  regeneration  being  superior  to  the  waste.  During  the 
adult  period,  repair  and  physiological  decay  are  nearly  bal- 
anced ;  but,  in  the  decline  of  life,  there  seems  to  be  a  grad- 
ual accumulation  of  inorganic  matter,  and  this  continues  un- 
til the  so-called  vital  properties  of  some  important  organ  be- 
come so  feeble  that  its  functions  cease,  and  we  have  physio- 
logical death.  This  regeneration  of  the  tissues  is  a  necessary 
consequence  of  the  constant  waste  or  decay  of  every  part  of 
the  organism,  resulting  in  a  change  of  constituents  into  effete 
matters,  which  are  discharged;  there  being,  during  life,  a 
constant  waste  and  repair.  If  no  new  matter  be  introduced 
as  food,  the  system  wastes  to  a  point  which  is  incompatible 
with  life,  and  death  results  from  inanition. 

"With  some  very  insignificant  exceptions,  we  cannot  con- 
ceive that  living  tissues  exist  in  an  absolutely  stationary  con- 
dition. The  organized  parts  of  the  body  are  undergoing  con- 
stant molecular  destruction  and  repair.  Again,  the  so-called 
vital  properties  of  the  tissues,  which  involve  self-regenera- 
tion, seem  to  have  certain  limits.  "We  cannot  introduce  nutri- 
tive matter  in  sufficient  quantity  to  produce  growth  beyond  a 
certain  point,  though  we  may  limit  development  and  growth 
by  deficient  supply.  "When  we  ask  why  the  organs  develop 
with  fixed  regularity,  why,  when  an  occasional  excess  of  nutri- 
tive matter  is  presented,  this  excess  is  not  used,  we  must  con- 
fess our  ignorance,  or  say  that  the  parts  are  endowed  with  vi- 
tal properties.  We  also  find,  to  come  to  the  most  important 
point  of  this  discussion,  that,  however  carefully  we  may  sup- 
ply nutritive  matter  to  the  system,  we  cannot  arrest  the  grad- 
ual enfeeblement  of  the  assimilative  powers  of  the  tissues, 
which  occurs  in  old  age.  In  short,  as  we  cannot  conceive  of 
a  living  tissue  without  decay  and  regeneration  of  its  sub- 
stance, so  it  is  impossible  for  the  organism  to  last  for  an  in- 
definite period.  Ajjiecessary,  invariable,  and  inevitable  con- 
sequence of  individual  life  is  death.    The  constant  molecular 
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death — if  we  can  apply  this  term  to  the  transformation  of 
living  into  effete  matter — of  every  tissue  of  the  body  is  al- 
ways, in  the  end,  superior  to  the  power  of  repair.  There 
seems,  indeed,  to  be  an  antagonism  of  processes  during  life ; 
a  view  so  fully  adopted  by  Bichat,  that  it  led  to  his  celebrated 
definition  of  life;  "the  ensemble  of  functions  which  resist 
death." *  Although  death  is  thus  inevitable,  and,  in  the  cir- 
culation of  material  in  Nature,  the  organic  parts  of  the  body 
become  changed  in  the  arrangement  of  their  ultimate  ele- 
ments and  appropriated  by  the  vegetable  kingdom,  during 
adult  life,  certain  anatomical  elements,  male  and  female,  are 
formed  in  the  human  subject,  which,  when  they  come  to- 
gether under  proper  conditions,  develop  into  new  beings, 
who  pass  through  the  same  course  of  existence  as  the  par- 
ents. By  the  concourse  of  two  beings,  new  organisms  come 
into  life,  which  perpetuate  existence  and  preserve  species. 
The  function  by  which  this  is  accomplished  is  called  genera- 
tion, or  reproduction. 

In  our  study  of  generation,  we  shall  confine  ourselves  as 
closely  as  possible  to  the  process  as  it  takes  place  in  the  hu- 
man subject.  There  are  many  considerations  of  great  interest 
connected  with  the  generation  of  the  lowest  orders  of  animal 
organization,  among  the  most  prominent  of  which  is  the  ques- 
tion of  so-called  spontaneous  generation.  While  this  may 
have  a  certain  bearing  upon  the  genesis  of  anatomical  ele- 
ments, it  has  little  or  nothing  to  do  with  the  development  of 
the  fecundated  human  ovum,  and  will,  therefore,  receive  little 
more  than  an  incidental  consideration.  For  similar  reasons, 
we  shall  not  engage  in  a  discussion  of  the  development-theory 
applied  to  the  origin  of  species,  which  is  exciting  so  much 
controversy  at  the  present  day,  nor  shall  we  treat  of  genera- 

1  Bichat,  Recherche*  pkysiologiques  but  la  vie  et  la  mort,  Paris,  1829,  p.  2. 

We  do  not  quote  Bichat's  definition  of  life  as  one  which  we  can  unreservedly 
adopt  For  more  elaborate  reflections  on  this  point,  the  reader  is  referred  to 
Another  volume,  under  the  head  of  Nutrition.  See  vol  Hi,  Secretion,  Nutrition, 
Movements,  p.  869. 
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tion  in  the  lower  animals,  except  to  illustrate  the  history  of 
development  in  man. 

The  study  of  human  generation  will  naturally  assume  the 
following  course :  Fii^t,  the  female  organs  of  generation,  and 
the  formation  of  the  female  element,  the  ovum ;  second,  the 
discharge  of  the  ovum  and  the  phenomena  which  attend  this 
process;  third,  the  male  organs,  and  the  development  and 
discharge  of  the  male  elements,  spermatozoids ;  fourth,  the 
union  of  the  two  elements  of  generation,  or  fecundation; 
fifth,  the  development  of  the  fecundated  ovum  into  the 
foetus  at  term;  sixth,  the  development  of  the  body  after 
birth  and  at  different  ages,  or  stages  of  existence ;  finally, 
the  natural  cessation  of  the  so-called  vital  functions,  or  physi- 
ological death. 

Sexual  Generation. 

Before  we  describe  the  actual  phenomena  of  sexual  gen- 
eration, as  they  are  observed  in  man  and  the  mammalia,  it 
will  be  interesting  to  note  some  of  the  salient  points  in  the 
history  of  our  knowledge  of  this  process  in  the  inferior  ani- 
mals. This  we  can  do,  without  exceeding  the  limits  we  have 
laid  down  in  our  general  remarks. 

In  the  history  of  sexual  generation,  there  seems  to  have 
been  a  limiting  line  between  the  production  of  animals  from 
preexisting  organisms  and  of  those  produced  in  some  un- 
known manner,  or,  as  it  has  been  said,  spontaneously.  This 
line  of  distinction  has  always  receded  toward  organisms  lower 
and  lower  in  the  scale  of  being  with  our  advance  in  positive 
knowledge.  The  ancients  understood  that  the  higher  ani- 
mals required  for  their  production  a  concourse  of  the  sexes ; 
but  they  thought  that  many  fishes,  reptiles,  insects,  worms, 
etc.,  were  produced  spontaneously.  Indeed,  with  the  limited 
knowledge  of  natural  history  possessed  by  Aristotle  and  those 
who  succeeded  him  for  many  hundred  years,  the  classes  of 
animals  said  to  be  produced  spontaneously  represented  sim- 
ply those,  the  generation  of  which  was  not  understood.  But, 
as  the  habits  of  many  animals  became  better  understood, 
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more  and  more  of  them  were  observed  to  lay  eggs,  which 
were  found  to  undergo  development. 

Dating  from  Aristotle,  who  lived  between  three  and  f our 
hundred  years  b.  c,  it  was  nearly  two  thousand  years  before 
any  thing  was  known  of  the  generation  of  insects ;  the  diffi- 
culty here  being  that  the  young  are  first  in  a  larval  state  and 
bear  no  resemblance  to  the  parents.  Anterior  to  the  experi- 
ments of  Bedi,  it  was  thought  that  certain  organic  matters  in 
course  of  putrefaction  developed  living  organisms,  as  mag- 
gots in  meat  and  the  larvae  in  cheese. 

We  refer  to  the  experiments  of  Bedi,  made  about  the 
year  1668,  for  the  reason  that  these  mark  an  era  in  our 
knowledge  of  the  process  of  generation.  This  observer,  not- 
ing that  flies  frequently  lighted  upon  meat  when  it  was  ex- 
posed, simply  protected  it  by  gauze,  and  found  that  no  mag- 
gots were  developed,  while  other  pieces  of  meat,  placed  un- 
der the  same  conditions,  except  that  the  flies  had  free  access 
to  them,  developed  maggots  in  great  numbers.1  By  this  sim- 
ple experiment,  Bedi  showed  that  the  maggots  in  putrefying 
meat  were  produced  by  insects  and  not  by  the  meat;  but 
it  remained  for  Swammerdam  and  Vallisneri "  to  study  the 
metamorphoses  of  insects,  and  to  show  how  the  eggs  were 
developed,  first  into  sexless  larvse,  and  finally  into  perfect 
beings  resembling  the  parents.  It  is  curious  to  note  the  con- 
dition of  science  anterior  to  Bedi  and  Yallisneri,  and  com- 
pare it  with  the  ideas  that  are  current  at  the  present  day. 
When  maggots  appeared  in  putrefying  meat,  they  were 
thought  to  be  produced  by  a  spontaneous  aggregation  of 
organic  particles,  simply  because  observers  knew  of  no  other 
way  in  which  these  beings  could  come  into  existence.  Now, 
the  advocates  of  spontaneous  generation  have  the  same  ideas 
as  those  advanced  anterior  to  1668 ;  but,  in  the  place  of 
meat,  they  have  organic  infusions,  and  f <5r  maggots,  they  sub- 
stitute infusorial  animalcules.     It  is  possible  that  the  discus- 

1  Redi,  Ezpcrimenia  circa  Ghneratumem  Intectorum,  Amatelaedami,  1686,  p.  40. 
*  Vallisneri,  Istoria  delta  Cknerazione,  Venezia,  1721,  p.  19. 
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fiion  of  the  question  was  as  energetic  as  it  is  now ;  but  the 
positive  advances  in  a  knowledge  of  the  generation  of  insects 
has  swept  away  the  memory  of  such  discussions,  if  they  ex- 
isted, as  future  advances  may  possibly  cause  many  of  the  con- 
troversial writings  of  the  present  day  to  pass  into  oblivion. 

For  a  time  after  the  researches  to  which  we  have  just  al- 
luded had  taken  their  place  in  the  history  of  science,  there 
was  little  written  about  spontaneous  generation.  Bedi  had 
satif  actorily  described  the  mode  of  generation  of  many  of  the 
entozoa,  the  origin  of  which  had  been  obscure ;  Harvey  had 
enunciated,  in  substance,  his  famous  axiom  "  omne  animal  ex 
ovo;  "  *  Kegnerus  de  Graaf  had  described,  in  the  ovaries,  the 
vesicles  which  have  since  borne  his  name ; '  and  the  knowl- 
edge of  ovulation  and  development  began  to  make  definite 
progress,  the  important  fact  having  been  ascertained,  that 
viviparous,  as  well  as  oviparous  annuals,  are  produced  from 
ova. 

"With  the  discovery,  by  Leeuwenhoek,*  of  living  beings 
in  water,  called  by  him  animalcules,  but  since  known  as  in- 
fusoria, a  new  problem  was  presented  to  students  of  natural 
history.  Here  were  animal  organisms,  so  small  as  to  be  in- 
visible to  the  naked  eye,  existing  in  great  variety  and  in  infi- 
nite numbers,  the  mode  of  generation  of  which  was  not  un- 

1  Habvxy,  JExercitationes  de  Generations  Animalium,  Londini,  1651.  On  page 
2,  is  the  following :  "  omnia  omnino  animalia,  etiam  vivipara,  atque  hominem 
aded  ipsum  ex  ovo  progigni."  This  quotation  is  from  the  original  edition  of 
Harvey's  work.  In  the  life  of  Harvey,  by  Robert  Willis,  published  in  the  Syd- 
enham edition  of  the  works,  London,  1847,  p.  lxix.,  is  the  following:  "He  an- 
nounced the  general  truth :  Omne  animal  ex  ovo."  It  is  probable  that  this  is 
the  passage  from  which  the  familiar  quotation  is  made. 

*  De  Grajjt,  De  Mtdierum  Organis  Generationi  inservientibus  Traetatus  JVo- 
tro»,  Lugd.  Batav.,  1672,  p.  177.  On  p.  181,  is  the  following:  "Ova  in  omni 
animalium  genere  reperiri  confidentur  asserimus ;  quandoquidem  ea  non  tantum 
in  avibus,  piscibus  tarn  oviparis  quam  viviparis ;  Bed  etiam  in  quadrupedibus,  ac 
homine  ipso  evidentissimd  conspiciantur." 

*  Lkeuwenhosk,  Concerning  little  Animal*  by  him  observed  in  Rain-  Well- 
Sea-  and  Snow-water  ;  at  also  in  water  wherein  Pepper  had  lain  infused. — Philo- 
sophical Transactions,  London,  1677,  No.  138,  p.  821,  et  seq.  The  observations 
referred  to  were  made  in  1675. 
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derstood.  As  these  organisms  were  studied  more  closely, 
their  multiplication  by  segmentation  and  by  budding  became 
known,  and  these  have  since  been  described  as  processes  of 
generation  peculiar  to  some  of  the  lower  orders  of  beings ; 
but,  at  the  same  time,  some  writers  revived  the  theory  of 
spontaneous  generation,  to  account  for  the  original  appear- 
ance of  animalcules  in  water,  and  this  idea  has  its  advocates 
at  the  present  day.  If,  however,  we  follow  out  the  history 
of  the  spontaneous-generation  theory,  we  find  that  the  differ- 
ent epochs  have  repeated  themselves ;  that  the  theory  took 
its  origin  from  an  ignorance  of  the  mode  of  generation  of 
organisms  quite  high  in  the  scale  of  being ;  that  the  progress 
of  exact  knowledge  gradually  restricted  the  theory  to  lower 
and  lower  organisms,  until,  by  this  rigid  process,  it  became 
extinct,  simply  from  want  of  material ;  that  its  application 
to  entozoa  was  eliminated  in  the  same  way ;  that  it  was  re- 
vived by  the  discovery  of  infusoria ;  and  that  now  its  limits 
have  been  restricted  by  positive  advances  in  knowledge,  it 
being  demonstrated,  by  Balbiani  and  others,  that  many  varie- 
ties of  infusoria  present  the  phenomena  of  sexual  generation.1 
Of  the  advocates  of  spontaneous  generation  within  a  com- 
paratively recent  period,  perhaps  the  most  prominent  has 
been  Pouchet ;  *  but  modern  researches  have  shown  pretty 
clearly  that  the  infusoria  produced  in  organic  infusions  are 
due,  in  all  probability,  to  the  introduction  of  ova,  or  spores 
floating  in  the  air,  which  are  developed  when  they  meet  with 
proper  conditions  of  heat  and  moisture.  In  numerous  ex- 
periments by  different  observers,  which  it  is  not  necessary  to 
cite  in  detail,  it  appeared  that,  when  organic  infusions  had 
been  exposed  to  a  degree  of  heat  sufficient  to  destroy  germs, 
and  the  introduction  of  new  gerfhs  from  the  air  was  pre- 

1  Balbiani,  Recherches  *ur  les  ph&nomhus  sexueU  des  infusores. — Journal  do 
la  phytiologie,  PariB,  1861,  tome  iv.,  pp.  102,  194,  431,  465. 

*  Pouchxt,  Thhrie  positive  de  V ovulation  spontanie,  etc.,  Paris,  1847.  This 
was  followed  by  numerous  other  publications  by  Pouchet,  and  the  views  advanced 
excited  a  most  animated  discussion  in  France  and  elsewhere,  which  continued  for 
several  years. 
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vented,  no  infusoria  were  developed ;  and  this  was  the  case 
when  air  was  admitted  to  the  infusions,  care  being  taken  to 
pass  the  air  through  heated  tubes  or  sulphuric  acid,  so  as 
to  destroy  all  organic  matter.  The  present  aspect  of  the  ques- 
tion of  spontaneous  generation  is  the  following : 

First,  it  is  reduced  to  the  very  lowest  orders  of  infusoria, 
such  as  vibriones  and  bacteria,  which  simply  present  move- 
ment, have  no  distinguishable  internal  structure,  and  are  ex- 
ceedingly minute. 

Second,  the  question  is  discussed  as  to  what  degree  of  tem- 
perature and  length  of  exposure  to  heat  are  necessary  in  order 
to  destroy  preexisting  germs  in  organic  infusions ;  for  the 
idea  that  living  organisms  ever  result  from  an  aggregation  of 
inorganic  particles  has  been  generally  abandoned,  and  the  so- 
called  spontaneous  production  of  animals  has  been  reduced  to 
a  coming  together  of  organic  molecules. 

It  is  at  once  apparent  to  the  rigidly  scientific  mind  that 
the  second  division  of  the  question  presents  great  difficulties 
in  the  way  of  its  positive  solution.  It  is  granted,  for  ex- 
ample, that  vibriones  and  bacteria  are  living,  animal  organ- 
isms. It  is  proposed  by  the  advocates  of  the  theory  of  spon- 
taneous generation,  that  these  beings  arise  without  preexist- 
ing germs,  by  an  aggregation  of  organic  particles.  The  op- 
ponents of  this  view  assert  that,  when  the  air  admitted  to 
organic  infusions  is  freed  from  germs  or  organic  particles, 
and  when  the  organic  infusions  are  subjected  to  a  high  tem- 
perature for  a  time  sufficient  to  destroy  all  possible  preexist- 
ing germs,  no  generation  of  infusoria  can  take  place.  Now, 
what  degree  of  temperature  is  required,  what  is  the  duration 
of  exposure  to  heat  necessary  to  destroy  germs,  and  how  are 
the  limits  of  these  conditions  to  be  ascertained  % l    The  only 

1  Upon  this  point,  we  may  refer  to  the  admirable  and  entirely  conclusive  ex- 
periments of  Wyman.  His  conclusions,  as  far  as  they  bear  upon  the  question 
under  consideration,  are  the  following : 

"  1st.  In  thermal  waters  plants  belonging  to  the  lower  kinds  of  Algae  lire  in 
water  the  temperature  of  which  in  some  instances  rises  as  high  as  208°  Fahr. 

"  2d.  Solutions  of  organic  matter  boiled  for  twenty-five  minutes,  and  exposed 
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answer  to  this  question  lies  in  the  experimental  test.  When 
infusoria  make  their  appearance  in  solutions  that  have  been 
exposed  to  heat  and  protected  from  the  entrance  of  germs,  it 
is  said  that  the  heat  has  not  been  sufficiently  high  or  the  ex- 
posure has  been  of  too  short  duration.  When  infusoria  do 
not  appear,  the  conditions  are  assumed  to  hare  been  fulfilled. 
This  mode  of  reasoning  assumes  the  fact,  from  the  beginning, 
that  there  is  no  such  thing  as  spontaneous  generation.  Sup- 
pose, now,  we  start  with  the  contrary  assumption,  that  there 
may  be  spontaneous  generation  in  an  organic  infusion.  We 
admit  to  such  an  infusion,  air,  carefully  purified  from  germs, 
which  is  logically  an  essential  experimental  condition;  we 
have  previously  exposed  the  infusion  to  a  high  temperature 
for  a  certain  period.  Under  these  conditions,  no  infusoria 
appear.  It  may  then  be  assumed  that  the  heat  has  destroyed 
the  properties  of  the  organic  molecules,  so  that  they  cannot 
come  together  and  generate  new  beings. 

Under  these  circumstances,  all  that  we  can  do  is  to  argue 
logically  from  such  facts  as  have  been  positively  established, 
and  to  take  the  most  reasonable  view  of  other  points,  that 
are  not  as  yet  capable  of  satisfactory  and  definite  explanation. 

We  shall  assume  that  it  has  been  demonstrated,  beyond  a 
reasonable  doubt,  that,  in  organic  infusions,  subjected  to  a 
temperature  somewhat  above  that  of  boiling  water,  and  sup- 
plied with  air  that  has  been  effectually  deprived  of  organic 

only  to  air  which  had  passed  through  iron  tubes  heated  to  redness,  became  the 
seat  of  infusorial  life.    Exps.  L-v. 

"  3d.  Similar  solutions  contained  in  flasks  hermetically  sealed,  and  then  im- 
mersed in  boiling  water  for  periods  varying  from  a  few  minutes  to  four  hours, 
also  became  the  seat  of  infusorial  life.  The  infusoria  were  chiefly  Vibrios,  Bac- 
terrains,  and  Monads.    Exps.  vi.-xv. 

u  4th.  No  ciliated  infusoria,  unless  Monads  are  such,  appeared  in  the  experi- 
ments referred  to  in  the  above  conclusions. 

"  5th.  No  infusoria  of  any  kind  appeared  if  the  boiling  was  prolonged  be- 
yond a  period  of  five  hours." 

(Jeffries  Wyman,  Observation*  and  Experiment*  on  Living  Organisms  in 
Heated  Water,  New  Haven,  1867,  p.  20.  From  the  American  Journal  of  Science 
and  Arts,  vol  xliv.,  September,  1867.) 
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matter,  ova,  spores,  or  whatever.it  may  be,  no  living  organ- 
isms make  their  appearance  so  long  as  these  experimental 
conditions  are  maintained.  We  also  assume  that  simple  boil* 
ing,  at  212°  Fahr.,  does  not  necessarily  destroy  all  germs, 
which  excludes  experiments  made  in  this  way.  This  reduces 
the  question  to  a  single,  simple  point :  In  infusions  in  which 
the  organic  matter  has  not  been  destroyed  by  heat,  do  the 
living  organisms  come  from  a  spontaneous  aggregation  of  or- 
ganic molecules,  or  are  they  the  result  of  the  development 
of  ova  t 

In  the  case  of  the  very  lowest  organisms  making  their  ap- 
pearance under  these  conditions,  they  are  themselves  so  small, 
that  it  would  be  reasonable  to  suppose  that  we  might  be 
unable  to  see  the  ova,  assuming  that  they  exist.  The  organic 
particles  that  are  supposed  to  come  together  spontaneously  are 
also  invisible,  even  under  the  highest  magnifying  powers  at 
our  command.  If  we  come  to  an  exact  definition  of  the  term 
spontaneous,  we  may  say  that  it  means  an  action  "arising  or 
existing  from  natural  inclination,  disposition,  or  tendency,  or 
without  external  cause"  (Worcester).  With  this  definition, 
the  statement  that  a  living  organism  is  generated  spontane- 
ously can  only  mean  that  there  is  no  cause  that  can  be  assigned 
for  its  production.  In  point  of  fact,  we  simply  acknowledge 
that  the  mode  and  cause  of  generation  of  certain  infusoria 
are  unknown,  and  the  history  of  our  knowledge  of  genera- 
tion shows  that  the  term  spontaneous  generation  has  always 
been  applied  to  the  production  of  beings  in  a  manner  that  is 
incapable  of  satisfactory  explanation.  What  we  actually  know 
of  the  mode  of  generation  of  animal  organisms  teaches  us 
that  all  beings  are  produced  and  multiplied  by  ova,  or  by  pro- 
cesses of  segmentation  or  budding  of  preexisting  organisms ; 
and  our  knowledge  of  these  processes  now  extends  to  all  ex- 
cept the  most  minute  infusoria,  which  have  no  apparent 
structure.  We  know,  also,  that  such  organisms  may  develop 
in  pure  water  from  particles  floating  in  the  atmosphere ;  and 
that  particles  in  the  air,  singly  invisible,  may  be  developed 
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into  infusoria  that  are  quite  highly  organized.  If  we  reason 
that  the  products  of  so-called  spontaneous  generation  are 
formed  by  the  fortuitous  aggregation  of  organic  molecules, 
we  assume  a  fact  of  which  we  have  no  other  example  in  Na- 
ture ;  and  we  assume,  also,  that  such  an  aggregation  of  par- 
ticles produces  beings  of  a  definite  and  uniform  character. 
For  such  a  supposition,  we  have  no  basis  in  analogy.  If,  on 
the  other  hand,  we  regard  these  low  orders  of  beings  as  pro- 
duced by  the  development  of  invisible  germs,  which  have 
found  favorable  conditions  of  heat  and  moisture,  we  rest 
upon  a  basis  of  reasonable  analogy,  and  merely  confess  that 
this  is  a  form  of  generation,  the  processes  of  which  are  not 
as  yet  capable  of  demonstration. 

As  the  only  true  philosophic  view  to  take  of  the  question, 
we  shall  assume,  in  common  with  nearly  all  modern  writers 
on  physiology,  that  there  is  no  such  thing  in  Nature  as  spon- 
taneous generation ;  admitting  that  the  exact  mode  of  pro- 
duction of  some  of  the  infusoria,  lowest  in  the  scale  of  being, 
is  not  understood. 

Female  Organs  of  Generation. 

An  accurate  knowledge  of  certain  points  in  the  anatomy  v 
of  the  female  organs  of  generation  is  essential  to  the  com- 
prehension of  the  most  important  of  the  processes  of  repro- 
duction. Following  a  fruitful  intercourse  of  the  sexes,  the 
function,  as  regards  the  male,  ceases  with  the  comparatively 
siihple  process  of  penetration  of  the  male  element  through 
the  protective  covering  of  the  ovum,  and  its  fusion  with  the 
female  element.  The  fecundated  ovum  then  passes  through 
certain  changes,  which  are  the  first  processes  of  its  develop- 
ment, forms  its  attachments  to  the  body  of  the  mother,  con- 
tinues its  development,  materials  being  derived  from  the 
mother,  is  nourished  and  grows,  until  the  foetus  at  term  is 
brought  into  the  world.  An  exact  knowledge  of  the  mech- 
anism of  these  complicated  processes  can  only  be  obtained 
after  a  careful  study  of  the  anatomy  of  the  female  organs 
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We  must  know  precisely  how  the  ovum  is  developed  in  the 
ovary  and  how  it  is  discharged ;  how,  after  its  discharge,  it 
is  received  by  the  oviduct  and  carried  to  the  uterus ;  if  fecun- 
dation do  not  take  place,  there  is  nothing  more  to  study,  as 
the  ovum  is  lost ;  but,  as  the  fecundated  ovum  must  form 
certain  attachments  within  the  uterus,  we  must  be  acquainted 
with  the  anatomy  of  this  organ,  before  we  can  comprehend 
its  development.  Again,  we  have  to  study  the  phenomena 
which  attend  the  discharge  of  ova,  and  the  changes  which 
take  place  in  the  ovaries,  anterior  to,  during,  and  subsequent 
to  ovulation.  It  will  not  be  essential  for  us  to  study  very 
closely  the  anatomy  of  the  external  parts,  as  these  are  only 
concerned  in  Bexual  intercourse  and  in  parturition;  which 
latter,  though  a  purely  physiological  process,  forms  the  great- 
est part  of  the  science  of  obstetrics,  is  considered  elaborately 
in  treatises  on  this  subject,  and  is  not  usually  treated  of,  to 
any  great  extent,  in  physiological  works. 

The  female  organs  of  generation  are  divided  anatomically 
into  internal  and  external.  The  external  organs  are  the  vulva, 
and  adjacent  parts,  and  the  vagina ;  the  internal  organs  are 
the  uterus,  Fallopian  tubes,  and  ovaries.  When  we  come  to 
'  study  the  functions  of  the  internal  parts,  we  shall  see  that 
the  ovaries  are  the  true  female  organs,  in  which,  and  in 
which  alone,  the  female  element  can  be  produced.  The  Fal- 
lopian tubes  and  the  uterus  are  accessory  in  their  functions, 
the  female  element,  the  ovum,  passing  through  the  Fallopian 
tubes  to  the  uterus,  where  it  forms  the  attachments  to  the 
body  of  the  mother  which  are  essential  to  its  nourishment 
and  full  development  after  fecundation. 

Before  we  proceed  to  study  the  structure  of  any  of  the 
female  organs,  it  is  important  to  have  a  clear  idea  of  the  gen- 
eral arrangement  and  the  relations  of  these  parts ;  for,  with- 
out this,  we  shall  be  constantly  in  the  dark  as  to  the  bearing 
of  certain  important  anatomical  points  that  have  been  brought 
forward  within  the  last  few  years. 

The  vagina  has  a  direction,  slightly  curved  anteriorly, 
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which  is  nearly  coincident  with  the  axis  of  the  outlet,  or  the 
inferior  strait  of  the  pelvis.  Projecting  into  the  vagina,  at 
its  npper  extremity,  is  the  lower  part  of  the  neck  of  the 
uterus.  The  uterus  extends  from  the  vagina  nearly  to  the 
brim  of  the  pelvis.  It  is  situated  between  the  bladder  and 
the  rectum,  and  has  an  antero-posterior  inclination,  when 
the  bladder  is  moderately  distended,  which  brings  its  axis 
nearly  coincident  with  that  of  the  superior  strait  of  the 
pelvis.1  Supposing  the  body  to  be  erect,  the  angle  of  the 
uterus  with  the  perpendicular  would  be  about  forty-five  de- 
grees. These  details  with  regard  to  the  position  of  the  ute- 
rus are  essential  to  a  comprehension  of  the  situation  and  rela- 
tions of  the  ovaries  and  Fallopian  tubes. 

The  uterus  is  held  in  place  by  ligaments,  certain  of  which 
are  formed  of  folds  of  the  peritoneum.  The  anterior  liga- 
ment is  reflected  from  the  anterior  surface  to  the  bladder ; 
the  posterior  ligament  extends  from  the  posterior  surface 
to  the  rectum ;  the  round  ligaments  extend  from  the  upper 
angle  of  the  uterus,  on  either  side,  between  the  folds  of  the 
broad  ligament  and  through  the  inguinal  canal,  to  the  sym- 
physis pubis;  the  broad  ligaments,  which  extend  from  the 
sides  of  the  uterus  to  the  walls  of  the  pelvis,  are  the  most  in- 
teresting of  all,  as  they  lodge  the  ovaries  and  the  Fallopian 
tubes. 

If  we  imagine  the  uterus,  occupying,  as  it  does,  the  upper 
part  of  the  pelvis,  and  remember  its  angle  of  inclination,  it 
is  evident  that  it,  with  the  broad  ligaments,  must  partially 
divide  the  pelvis  into  two  portions;  and  these  ligaments, 
which  are  formed  of  a  double  fold  of  peritoneum,  present 
a  superior,  or  posterior  surface,  and  an  inferior,  or  anterior 
surface.     The  superior,  or  anterior  border  of  this  fold  is  * 

1  The  statements  given  above,  with  regard  to  the  position  of  the  uterus,  are 
very  general.  The  uterus  is  exceedingly  movable  antero-posteriorly,  and  the  di- 
rection of  its  axis  is  largely  dependent  upon  the  condition  of  the  other  pelvic 
organs.  When  the  bladder  is  distended,  the  fundus  is  moved  upward ;  and, 
when  the  bladder  is  empty,  the  axis  of  the  uterus  may  be  inclined  forward  so 
as  to  become  nearly  horizontal. 
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occupied  by  the  Fallopian  tubes,  the  peritoneum  constitut- 
ing their  outer  coat ;  laterally,  at  the  free  extremities  of  the 
tubes,  the  peritoneum  ceases,  and  there  is  an  actual  opening 
of  each  tube  into  the  peritoneal  cavity.  Attached  to  the 
broad  ligament,  and  projecting  upon  its  posterior  surface,  i* 
the  ovary.  This  little,  almond-shaped  body  is  connected  with 
the  fibrous  tissue  between  the  two  layers  of  the  ligament,  and 
has  no  proper  peritoneal  investment ;  so  that  it  is  actually 
within  the  peritoneal  cavity.  If  we  look  at  the  ovary  from 
the  front,  we  simply  see  the  rounded  prominence  which 
marks  the  point  of  attachment  to  the  broad  ligament ;  but,  if 
we  look  from  behind,  the  projecting  surface  is  seen,  and  we 
have  a  distinct  ring  of  demarcation  at  the  base,  which  indi- 
cates where  the  tessellated,  serous  epithelium  ceases,  and 
where  the  proper  columnar  epithelium  of  the  ovary  begins. 
If  a  vesicle  should  rupture  upon  the  surface  of  the  ovary, 
its  contents  might  thus  be  taken  up  by  the  Fallopian  tube 
and  be  carried  to  the  uterus.  Each  ovary  is  attached  to  the 
uterus  by  a  ligament,  lying  just  beneath  the  peritoneum, 
called  the  ligament  of  the  ovary.  This  ligament  is  com- 
posed of  non-striated  muscular  fibres.  Between  the  folds" 
of  the  broad  ligament,  are,  the  round  ligament  of  the  ute- 
rus, vessels,  nerves,  and  a  thin  layer  of  non-striated  muscular 
fibres  continuous  with  the  superficial  muscular  fibres  of  the 
uterus. 

We  are  now  prepared  to  study  Fig.  24,  which  shows  the 
general  arrangement  of  these  parts,  viewed  from  behind.  A 
portion  of  the  figure  which,  in  the  original,  shows  the  exter- 
nal parts,  is  cut  off,  to  avoid  complicating  our  description. 
The  left  half  is  represented  as  covered  with  peritoneum,  and 
the  free,  fimbriated  extremity  of  the  Fallopian  tube  on  this 
side  is  drawn  away  from  the  ovary,  leaving  only  a  single 
prolongation,  which  is  attached.  This  shows  that  the  Fallo- 
pian tube  opens  directly  into  the  peritoneum,  and  that  the 
ovary  is  also  actually  in  this  cavity,  and  has  no  true  perito- 
neal covering.    On  the  right  side,  the  posterior  layer  of  the 


broad  ligament  and  the  posterior  peritoneal  covering  of  the 
uterus  have  been  removed.  On  this  side,  the  extremity  of 
the  Fallopian  tube  ie  applied  to  the  ovary.  The  exact  rela- 
tions between  the  ovaries  and  the  Fallopian  tubes  will  be 
discussed  hereafter,  but  Fig.  24  shows  how  the  extremity 


i,  the  nterns,  on  the  left,  with  (ha  peritoneal  eonrinft,  "d,  on  the  right,  thin  cowring  HBDndj 
1.  nghul  portion  of  the  atanu ;  6,  left  Fallopian  tube,  with  lis  abdominal  opening  free,  and 
with  one  fimbria  attached  to  the  onrr;  T,  right  Fallopian  tube,  with  iti  fimbria  grasping 
tbeoTiry;  8,  parovarium;  »,  ovary;  10,  ligament  of  the  oiaij;  11,  ala  vMpwtilionlt  je- 
tton of  the  broad  ligament  between  the  ovary  and  the  Fellnptsn  tube);  IS,  broad  ILfament  of 
the  ulerui;  18,  the  eo-called  Internal  apennaUc  artery,  or  ovarian  artery;  14,  the  uterine 
artery ;  la.  ronnd  nganwnt  of  the  uterus.  (Lracuii,  Anatomit  da  JtoucAeri,  Tublngon, 
18M,"Bd.  U.,rj.»*).) 

may  be  applied  to  the  ovary.  On  the  left  aide,  are  seen  the 
two  layers  of  the  broad  ligament.  A  careful  examination  of 
this  figure  will  give  a  general  idea  of  the  relations  of  the  dif- 
ferent parts  and  enable  ns  to  study  intelligently  their  minute 
anatomy. 

The  Ovaries. — The  situation  of  these  bodies  has  already 
been  indicated.  Attached,  as  they  are,  to  the  broad  liga- 
ment, and  projecting  from  its  posterior  surface,  they  lie 
nearly  horizontally  in  the  pelvic  cavity,  on  either  side  of  the 
uterus.  They  are  of  a  whitish  color,  and  their  form  is  ovoid 
and  flattened,  with  the  anterior  border,  sometimes  called  thB 
base,  attached  to  the  broad  ligament.  If  we  closely  examine 
their  mode  of  connection  with  the  broad  ligament,  it  is  Been 
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that,  at  the  margin  of  the  attached  surface  of  the  ovary,  the 
posterior  layer  of  the  ligament  ceases,  and  that  the  fibrous 
stroma  of  the  medullary  portion  of  the  ovary  is  continuous 
with  the  fibrous  tissue  lying  between  the  two  layers.  It  is  at 
this  portion  of  the  ovary,  called  the  hilum,  that  the  vessels 
penetrate,  to  be  distributed  in  its  substance. 

Each  ovary  is  about  an  inch  and  a  half  in  length,  half  an 
inch  in  thickness,  and  three-quarters  of  an  inch  in  width 
at  its  broadest  portion.  The  outer  extremity  is  somewhat 
rounded,  and  is  attached  to  one  of  the  fimbriae  of  the  Fallo- 
pian tube.  The  inner  extremity  is  more  pointed,  and  is  at- 
tached to  the  side  of  the  uterus  by  means  of  the  ligament  of 
the  ovary.  This  ligament  is  shown  in  Fig.  24  (10).  It  is  a 
rounded  cord,  composed  of  non-striated  muscular  fibres  spread 
out  upon  the  attached  extremity  of  the  ovary  and  the  poste- 
rior surface  of  the  uterus,  and  is  covered  by  peritoneum. 
The  weight  of  each  ovary  is  from  sixty  to  one  hundred 
grains,  and  these  organs  are  largest  in  the  adult  virgin.  Its 
attached  border  is  called  the  hilum ;  and,  at  this  portion,  the 
vessels  and  nerves  penetrate.  The  surface  is  marked  by 
rounded,  translucent  elevations,  produced  by  distended  Graa- 
fian follicles ;  and  we  frequently  see  here  little  cicatrices,  in- 
dicating the  situation  of  ruptured  follicles.  We  may  also  see, 
between  the  distended  follicles,  corpora  lutea  in  various 
stages  of  atrophy. 

Within  the  last  few  years,  anatomical  researches  have 
shown  that  the  surface  of  the  ovaries  does  not  present  the  ap- 
pearance of  a  continuation  of  the  peritoneum.  At  the  base, 
is  a  distinct  line,  surrounding  the  hilum,  which  indicates 
where  the  peritoneum  ceases  and  where  the  proper  epithelial 
covering  of  the  ovary  begins ;  and  there  is  a  well-marked  and 
abrupt  distinction  between  the  tessellated  epithelium  of  the 
serous  surface  and  the  layer  of  cylindrical  cells  covering  the 
ovary  itself.  This  peculiarity  has  given  rise  to  the  idea  that 
the  ovary  is  really  covered  by  a  mucous  membrane.  Indeed, 
there  seems  to  be  little  difference  between  the  cells  covering 
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the  ovaries  and  those  lining  the  Fallopian  tubes,  except  that 
the  latter  are  provided  with  cilia.1 

Most  anatomists  describe  a  proper  fibrous  membrane  in- 
vesting the  ovaries,  which  they  call  the  tunica  albuginea,  and 
which  is  compared  to  the  fibrous  covering  of  the  testes. 
This,  however,  is  not  a  proper  term.  Sappey  denies  the  ex- 
istence of  a  tunica  albuginea ; "  and,  indeed,  in  the  sense  in 
which  it  waa  formerly  described,  euch  a  membrane  cannot  be 
demonstrated.  On  making  a  section  of  the  ovary,  it  is  readily 
seen  by  the  naked  eye  that  the  organ  is  composed  of  two  dis- 
tinct structures ;  a  cortical  substance,  formerly  called  the  tu- 
nica albuginea,  which  is  about  -fa  of  an  inch  in  thickness,  and 
a  medullary  substance,  containing  a  large  number  of  blood- 
vessels. The  cortical  substance  alone  contains  the  Graafian 
follicles.  The  external  layer  of  this  may  be  a  little  denser 
than  the  deeper  portion,  but  there  is  no  distinct  fibrous  mem- 
brane. 

The  structure  of  the  cortical  substance  of  the  ovary  is  very 
simple.  It  consists  of  connective  tissue  in  several  layers,  the 
fibres  of  which  are  continuous  with  the  looser  fibres  of  the 
medullary  portion.  In  the  substance  of  this  layer,  are  em- 
bedded the  ova,  enclosed  in  the  sacs,  called  Graafian  follicles. 
This  layer  contains  a  few  blood-vessels,  coming  from  the  me- 
dullary portion,  which  surround  the  follicles. 

The  medullary  portion  is  exceedingly  vascular,  and  is 
composed  of  numerous  small  bands,  or  trabecule  of  conneo 

1  It  appears  that  Eoster  was  the  first  to  give  an  account,  in  1868,  of  the  true 
structure  of  the  epithelium  on  the  surface  of  the  ovaries.  Waldeyer,  according 
to  a  late  review  of  recent  works  on  the  ovary  and  ovum,  is  said  to  have  made 
this  discovery  simultaneously  with  Eoster.  (Clapabede,  Lovaire  et  Vauf. — Re- 
vue den  court  Mcientifiques,  Paris,  1870,  tome  vil,  p.  662.)  In  the  list  of  works 
given  in  this  review  by  Clapar&de,  the  date  of  Roster's  article  is  1868 ;  and  Wal- 
deyer's  researches  were  published  in  1870.  We  have  not  been  able  to  consult 
the  original  paper  by  Eoster,  published  in  Dutch.  Waldeyer  gives  a  very  clear 
description  of  the  epithelium,  in  his  article  contributed  to  Strieker's  "  Histology." 
(Waldeyer,  in  Stricker,  Manual  of  Human  and  Comparative  Histology y  The 
New  Sydenham  Society,  London,  1872,  vol.  ii.,  p.  166.) 

*  Sappey,  Traiti  cTanatomie,  Paris,  1874,  tome  iv.,  p.  688. 
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tive  tissue,  with  smooth  muscular  fibres.  The  blood-vessels, 
which  penetrate  at  the  hilum,  are  large  and  convoluted,  espe- 
cially at  the  hilum  itself,  where  there  is  a  mass  of  convoluted 
veins,  forming  a  sort  of  vascular  bulb,  which  has  been  de- 
scribed particularly  by  Eouget.  In  the  medullary  portion 
of  the  ovary,  which  is  sometimes  called  the  vascular  zone, 
the  muscular  fibrefe  follow  the  vessels,  in  the  form  of  muscu- 
lar sheaths.  According  to  Eouget,  the  mass  of  vessels  at  the 
hilum  constitutes  a  true  erectile  organ.1 

In  addition  to  the  blood-vessels,  the  ovary  receives  nerves 
from  the  spermatic  plexus  of  the  sympathetic,  the  exact  mode 
of  termination  of  which  has  not  been  ascertained.  Lym- 
phatics have  also  been  demonstrated  at  the  hilum. 

Graafian  Follicles. — These  vesicles,  or  follicles,  were  de- 
scribed and  figured  by  De  Graaf,  and  are  known  by  his 
name.*  They  contain  the  ova,  undergo  a  series  of  interest- 
ing changes,  enlarge,  approach  the  surface  of  the  ovary,  and 
finally  are  ruptured,  discharging  their  contents  into  the  fim- 
briated extremity  of  the  Fallopian  tube. 

It  was  formerly  supposed  that  the  smallest  Graafian  folli- 
cles were  situated  deeply  in  the  medullary  portion  of  the 
ovaries,  approaching  the  surface  gradually,  as  they  became 
larger ;  but  it  is  now  known  that  they  are  developed  exclu- 
sively in  the  cortical  substance.  If,  indeed,  we  examine  the 
ovary  at  any  period  of  life,  we  find  no  follicles  properly  in 
the  medullary  substance ;  but  a  few  of  the  larger  may  pro- 
ject downward,  so  as  to  encroach  somewhat  upon  it,  being 
actually  of  a  diameter  greater  than  the  thickness  of  the  cortex. 

The  earlier  anatomists  supposed  that  the  Graafian  folli- 
cles were  few  in  number,  fifteen  or  twenty,  but  they  counted 
those  only  that  were  readily  seen  with  the  naked  eye.  "When, 
however,  it  was  calculated  that  ova  might  be  discharged 

1  Rouget,  Recherche*  tur  let  organes  brtcixUe  de  la  femme. — Journal  de  la 
phytiologie,  Paris,  1858,  tome  i.,  p.  820,  et  seq. 

9  Regnerus  de  Graaf,  De  Mulierum  OrganU  Generation*  inaervientibus  jFrao- 
tatuB  Novus,  Lugd.  Batav.,  1672,  p.  190. 
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eveiy  month  during  a  period  of  abont  forty  years,  it  became 
evident  that  the  f  ollicles  must  either  be  quite  numerous,  or  be- 
come successively  and  constantly  developed.  This  led  some 
anatomists,  who  believed  that,  at  the  age  of  puberty,  the  ova- 
ries contained,  either  partially  or  fully  developed,  all  the  fol- 
licles that  ever  existed  in  these  organs,  to  increase  their  esti- 
mates of  the  number  of  follicles.  Sappey,  from  a  series  of 
careful  observations  on  this  point,  puts  the  number  of  follicles 
at  from  600,000  to  700,000.x  We  cannot  but  regard  this  esti- 
mate as  veiy  much  exaggerated.  According  to  the  table  of 
measurements  given  by  Waldeyer,  the  primordial  follicles  in 
the  human  embryo,  at  the  seventh  month,  measure  from  -g-J-^ 
to  yjr  of  an  inch,  and  the  primordial  ova,  from  y^-  to  10*00 
of  an  inch."  From  what  has  been  written  on  this  point,  it 
seems  difficult,  if  not  impossible,  to  give  an  approximation, 
even,  of  the  number  of  follicles  in  the  ovaries,  but  there  cer- 
tainly must  be  several  thousands,  many  of  which  may  never 
become  fully  developed. 

Within  the  last  few  years,  veiy  important  advances  have 
been  made  in  our  knowledge  of  the  mode  of  development  of 
the  ova  and  ovaries,  which  will  be  more  fully  considered  here- 
after ;  but  we  must  here  refer  to  these  points  briefly,  in  order 
to  give  a  clear  idea  of  the  relations  of  the  Graafian  follicles, 
in  the  different  forms  which  they  present  under  varied  condi- 
tions of  development. 

The  ovary  appears,  particularly  from  observations  on  the 
development  of  the  chick,  very  early  in  embryonic  life,  in  the 
form  of  a  cellular  outgrowth  from  the  "Wolffian  body.  Most 
of  its  cells  are  small,  but,  as  early  as  the  fourth  or  fifth  day, 
some  of  them  are  to  be  distinguished  by  their  large  size,  their 
rounded  form,  and  the  presence  of  a  large  nucleus.  These 
cells  are  supposed  to  be  primordial  ova.  In  the  process  of 
development  of  the  ovary,  some  of  the  peripheral  cells  pene- 

1  Sappey,  Traiti  tfanatomie,  Paris,  1874,  tome  iv.,  p.  694. 
*  Waldxtxr,  in  Stbickxr,  Manual  of  Human  and  Comparative  Histology, 
The  New  Sydenham  Society,  London,  1872,  toI.  ii.,  p.  207. 
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trate  in  the  form  of  tubes,  the  so-called  ovarian  tubes,  and,  at 
the  same  time,  delicate  processes,  formed  of  connective  tissue 
and  blood-vessels,  extend  from  the  fibrous  stroma  underlying 
the  epithelium  and  enclose  collections  of  cells.  It  is  probable 
that  we  have  these  two  modes  of  formation  of  follicles ;  one, 
by  the  penetration  of  epithelial  tubes  from  the  surface,  which 
become  constricted  and  divided  off  into  closed  cavities,  and  the 
other,  by  the  extension  of  fibrous  processes  from  below,  which 
enclose  little  collections  of  cells.  By  both  of  these  processes, 
little  cavities  are  formed,  which  contain  a  number  of  cells. 
In  each  of  these  cavities,  we  observe  a  single,  large,  rounded 
cell,  with  a  large  nucleus,  this  cell  being  a  primordial  ovum; 
and,  in  addition,  we  have,  in  the  same  cavity,  other  cells, 
which  are  the  cells  of  the  Graafian  follicle.  The  exact  nature 
of  the  processes  we  have  just  described  has  been  studied  in 
the  fowl,  but  it  is  probable  that  the  same  kind  of  develop- 
ment occurs  in  mammalia  and  in  the  human  female. 

From  birth  until  just  before  the  age  of  puberty,  the  corti- 
cal substance  of  the  ovary  contains  thousands  of  what  are 
termed  primordial  follicles  enclosing  the  primordial  ova ;  and 
it  is  probable  that,  after  the  ovaries  are  fully  developed  at 
birth,  no  additional  ova  or  Graafian  follicles  make  their  ap- 
pearance. The  prevailing  idea  is,  indeed,  that  the  great  mar 
jority  of  these  never  arrive  at  maturity,  and  that  they  undergo 
atrophy  at  various  stages  of  their  development.  According 
to  the  table  of  measurements  given  by  Waldeyer,  from  whose 
article  most  of  the  facts  we  have  stated  have  been  taken,  the 
primordial  follicles  of  the  human  embryo,  at  the  seventh 
month,  are  from  about  •7f(r  to  yjr  of  an  inch  in  diameter, 
and  the  primordial  ova,  from  lfl160  to  TflW  °*  an  ^ch.  In 
the  adult,  the  smallest  follicles  measure  from  about  -^^  to  ffo 
of  an  inch,  and  the  smallest  ova,  a  little  more  than  t^itv  °*  an 
inch.1  The  primordial  ova  have  the  form  of  rounded  cells, 
each  with  a  large,  clear  nucleus,  and  a  nucleolus.     Other 

1  Waldeyer,  in  Stricter,  Manual  of  Human  and  Comparative  Histology,  The 
New  Sydenham  Society,  London,  1872,  vol.  il,  p.  207. 
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structures  are  developed  in  and  surrounding  these  cells,  as 
they  arrive  at  their  full  development. 

The  most  interesting  stage  in  the  development  of  the 
ova  and  Graafian  follicles  is  observed  at  about  the  period  of 
puberty.  At  this  time,  a  number  of  follicles,  twelve,  twenty, 
thirty,  or  even  more,  enlarge,  so  that  we  have  all  sizes,  be- 
tween the  smallest  primordial  follicles,  jfo  of  an  inch,  and 
the  largest,  nearly  i  an  inch  in  diameter.  In  follicles  that 
have  attained  any  considerable  size,  we  have  the  fully-devel- 
oped ova,  one  in  each  follicle,  except  in  very  rare  instances, 
when  there  are  two,1  and  these  ova  have  a  pretty  uniform  di- 
ameter of  about  jfa  of  an  inch.  In  the  process  which  culmi- 
nates in  the  discharge  of  the  ovum  into  the  fimbriated  ex- 
tremity of  the  Fallopian  tube,  the  Graafian  follicle  gradually 
enlarges,  becomes  distended  with  liquid,  and  finally  breaks 
through  and  ruptures  upon  the  surface  of  the  ovary.  It  be- 
comes necessary,  then,  to  study  the  structure  of  these  large 
follicles  and  their  relations  to  the  ova;  but,  before  we  do 
this,  we  can  review,  with  advantage,  the  relations  of  the  dif- 
ferent portions  of  the  ovary  and  the  follicles  and  ova  of  vari- 
ous sizes,  by  an  examination  of  Fig.  25. 

Fig.  25  shows  the  follicles  and  ova  of  various  sizes.  It 
is  observed  that  the  larger  follicles  contain  fully-formed  ova, 
and  have  a  proper  fibrous  coat.  The  ova  here  present  an  epi- 
thelial covering,  and  are  embedded  in  a  mass  of  the  epithelial 
lining  of  the  follicle  (membrana  granulosa),  this  mass  being 
called  the  discus  or  cumulus  proligerus. 

According  to  the  measurements  given  by  "Waldeyer,*  the 

1  Schron  has  observed  two  and  even  throe  ova  in  a  single  follicle,  in  some  of 
the  lower  animals.  In  four  hundred  examinations  of  ovaries  of  the  cat,  he 
found  one  follicle  with  two,  and  one  follicle  with  three  ova.  In  eighty  examina- 
tions in  the  bitch,  he  found  a  single  follicle  with  two  ova ;  but  he  found  no  other 
examples  of  this.  (Schron,  Betirag  xur  Kentnitt  der  Anatomie  und  Phytiologie 
dm  EUretoeke  der  SHugethiere. — Zeitochrift  f&r  %oi$tmachafUicfo  Zoologie,  Leipzig, 
1863,  Bd.  xil,  S.  409,  et  uq.)  Kolliker  noted  two  ova  in  a  single  follicle,  in  the 
human  subject    (IStemenU  d'hUtologie  humaine,  Paris,  1868,  p.  706.) 

*  Waldbtkr,  in  Stricker,  Manual  of  Human  and  Comparative  Hktotqfnfo 
The  New  Sydenham  Society,  London,  1872,  vol.  ii.,  p.  207. 
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smallest  Graafian  follicles  are  from  -gfo  to  ifa  of  an  inch  in 
diameter,  while  the  largest  measure  from  f  to  4  an  inch.  At 
or  near  the  period  of  their  maturity,  the  follicles  present  sev- 
eral coats  and  are  filled  with  an  albuminous  liquid.     The  ma- 


' »  Morad  OTnm  In  the  sunn  folHrle  I  p.  flbrou 
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tore  follicles  project  just  beneath  the  surface  and  form  little 
rounded,  translucent  elevatiojis ;  the  smallest  follicles  are  near 
the  surface,  and,  as  they  enlarge,  at  first  become  deeper,  as  is 
seen  in  Fig.  25,  becoming  superficial  only  as  they  approach 
the  period  of  fullest  distention. 

Taking  one  of  the  largest  follicles  as  an  example,  two 
fibrous  layers  can  be  distinguished ;  an  outer  layer,  of  ordi- 
nary connective  tissue,  and  an  inner  layer,  the  tunica  propria, 
formed  of  the  same  kind  of  tissue,  with  the  difference  that, 
as  the  follicle  enlarges,  the  inner  layer  becomes  vascular.1 
The  vascular  tunica  propria  is  lined  by  cells  of  epithelium, 
forming  the  so-called  membrana  granulosa.  At  a  certain 
point  in  this  membrane,  is  a  mass  of  cells,  called  the  discus 
or  cumulus  proligerus,  in  which  the  ovum  is  embedded.  The 
situation  of  the  discus  proligerus  and  the  ovum  has  been  a 
subject  of  discussion ;  some  describe  it  in  the  most  superficial 
portion,  and  others,  in  the  deepest  part  of  the  follicle.  Walk 
deyer  states  that  he  has  observed  it  in  both  situations;'  and 
it  is  probable  that  its  position  is  not  invariable. 

The  liquid  of  the  Graafian  follicle  is  alkaline,  slightly 
yellowish,  not  viscid,  and  contains  a  small  quantity  of  albu- 
minoid matter  coagulable  by  heat,  alcohol,  and  acids.'  This 
liquid  is  supposed  to  be  secreted  by  the  cells  lining  the  inner 
membrane  of  the  follicle. 

1  Some  anatomists  describe  the  two  fibrous  layers  of  the  Graafian  follicle  as 
a  single  membrane ;  and  some,  who  recognize  the  two  layers*  state  that  the  outer 
layer  alone  is  Tascular.  We  have  Adopted  the  description  of  Waldeyer,  as  given 
above. 

9  Waldeyer,  in  Strickir,  Manual  of  Human  and  Comparative  Hiiiologyy 
The  New  Sydenham  Society,  London,  1872,  vol.  il,  p.  174. 

As  early  as  1847,  Pouchet  stated  that,  in  numerous  observations  on  the  sow, 
the  ovum  was  ordinarily  found  near  the  deepest  portion  of  the  Graafian  follicle. 
(Pouchet,  Theoris  positive  de  V ovulation  epontante,  Paris,  1847,  p.  48.)  Among 
the  more  recent  writers,  we  find  that  Schron  states  that  the  ovum  is  almost  al- 
ways found  at  the  deepest  portion  of  the  follicle.  (Beitrag  zur  Kentnist  der 
Anaiomie  und  Phynclogie  de*  JEieretocke  der  Savgethiere. — Zeiischrift  fur  wisem- 
eehaftUche  Zoologie,  Leipzig,  1868,  Bd.  xil,  S.  419.) 

1  Robin,  Lefone  but  lee  humeure,  Paris,  1867,  p.  885. 
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It  is  important  to  remember  that  the  ovum  is  not  a  prod- 
act  of  secretion,  nor  can  the  ovary  be  properly  considered  as  a 
glandular  organ.  The  ovum  is  an  anatomical  element ;  and  the 
ovary  is  the  only  organ  in  which  this  anatomical  element  can 


OruSu  Mario.  MugiiUM  SO  dUmetm.— 1,  1.  RrouM  of  the  onij;  J.  *.  ouuvolntod,  wk- 
•mw  Uood-nueli ;  8.  flbroni  wnllof  the  fclBcte;  4,  membmnii  gnnnlau;  5,  cumului  pro- 
lijwnn  ;  «.  font  pellucMi  or  th«  Oram ;  I.  litoUo.  of  th<  amm  ;  8,  nrmluAl  mteJe  with 
the  gmiliHl  (pot    ILikbu,  AnalomU  det  JTmmAhi,  TDUnfen,  ISM,  M  iL,  8.  1S8.) 

be  developed.  The  only  process  of  secretion  which  takes  place 
in  the  ovary  is  the  production,  probably  by  the  cells  of  the 
membrana  granulosa,  of  the  liquid  of  the  Graafian  follicles. 

The  Parovarium. — The  parovarium,  or  organ  of  Roeen- 
muller,  which  is  shown  in  Fig.  24  (8),  is  simply  the  remains  of 
the  "Wolffian  body,  lying  in  the  folds  of  the  broad  ligament, 
between  the  ovary  and  the  Fallopian  tube.  It  consists  of 
from  twelve  to  fifteen  tubes  of  fibrous  tissue,  lined  by  ciliated 
epithelium,  and  has  no  physiological  importance.  The  Wolf- 
fian bodies  will  be  fully  described  in  connection  with  the  de- 
velopment of  the  genito-urinary  system. 
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The  Uiervt. — The  form,  situation,  arid  relations  of  the 
Dterus  and  Fallopian  tubes  have  already  been  indicated,'  and 
are  shown  in  Fig.  24. 

The  uterus  ia  a  pear-shaped  body,  somewhat  flattened  an- 
tero- posteriorly,  presenting  a  fundus,  a  body,  and  a  neck. 
At  its  lower  extremity,  ifl  an  opening  into  the  vagina,  called 
the  os  externum.  At  the  upper  portion  of  the  neck,  is  a  con- 
striction, which  indicates  the  situation  of  the  os  internum. 


Virgin  ntotu,  raHnnlotBlj  IsoUted.  (Baen  from  behind.  two-tllrii  of  the  iMnn)  ffi«.V  1, 
Eodr;  i,n»dt;  8.  8,  eitrr mitt™  of  tho  Fallopian  tnbet;  4  M  eiumuin:  6,  poeiericc,  A  in- 
terior. Up  of  the  ngful  purtion.  (LnBCBn,  Anatomtt  da  ilentdien,  Tfihlngen,  ISM,  Bd. 
li,  a  Mi) 

ItB  form  is  shown  in  Fig.  27.  It  is  usually  about  three  inches 
in  length,  two  in  breadth,  at  its  widest  portion,  and  one  inch 
in  thickness.  Its  weight  is  from  one  and  a  half  to  two  and  a 
half  ounces.  It  is  somewhat  loosely  held  in  place  by  the  broad 
and  round  ligaments  and  by  the  folds  of  the  peritoneum  in 
front  and  behind.  The  delicate  layer  of  peritoneum  which 
forms  its  external  covering  extends  behind  as  far  down  as  the 
vagina,  where  it  is  reflected  back  upon  the  rectum,  and  ante- 
riorly, a  little  below  the  upper  extremity  of  the  neck  (os  in- 
ternum), where  it  is  reflected  upon  the  urinary  bladder.    At 

1  Bee  page  207. 
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the  sides  of  the  uterus,  the  peritoneal  covering,  a  little  below 
the  entrance  of  the  Fallopian  tubes,  becomes  loosely  attached, 
and  leaves  a  line  for  the  penetration  of  the  vessels  and  nerves. 
Fig.  28,  giving  a  view  of  the  interior  of  the  uterus,  shows 
a  triangular  cavity,  with  two  cornua,  corresponding  to  the 


ie  TbclD  ntBim  (tiro-thWi  of  tbc  nnhin]  *tel.— L  (•Tit}'  at  (ha  body  of  U»  nte- 

j«l  rf  lie  cerrli  alai.  >rilh  Iho  u-bor  tICbuh)  imUM  orr*-*-— "■■  "  --' 

pelting*  of  -         ■■     ■         ■ 
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openings  of  the  Fallopian  tubes,  and  exceedingly  thick  walls, 
the  greatest  part  of  which  is  composed  of  layers  and  bands 
of  non-striated  muscular  fibres. 

The  muscular  walls  of  the  uterus  are  composed  of  fibres 
of  the  involuntary  variety,  arranged  in  several  layers.  These 
fibres  are  spindle-shaped,  always  nucleated,  the  nucleus  pre- 
senting one  or  two  large  granules,  which  have  been  taken  for 
nucleoli.  They  are  closely  bound  together,  bo  that  they  are 
isolated  with  great  difficulty.  In  addition  to  an  amorphous 
adhesive  substance  between  the  muscular  fibres,  we  find  nu- 
merous rounded  and  spindle-shaped  cells  of  connective  tissue 
of  the  variety  called  embryonic,  and  a  few  elastie  fibres.  The 
muscular  tissue  of  the  uterus  is  remarkable  from  the  fact  that 
the  fibres  enlarge  immensely  during  gestation,  becoming,  at 
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that  time,  ten  or  fifteen  times  as  long  and  five  or  six  times 
as  broad  as  they  are  in  the  unimpregnated  state.  They  are 
united  into  bundles,  or  fasciculi,  which,  in  certain  of  the  lay- 
ers, interlace  with  each  other  in  every  direction. 

It  is  quite  difficult  to  follow  out  the  course  of  the  fasci- 
culi of  the  uterus,  and  the  layers  are  described  somewhat 
differently  by  different  writers.  All  agree,  however,  that 
there  is  a  superficial  layer,  tolerably  distinct,  very  thin,  re- 
sembling the  platysma  myoides,  which  is  sometimes  called 
the  platysma  of  the  uterus.  In  addition  to  this  layer,  we 
shall  describe  two ;  making,  in  all,  three  layers,  an  external, 
middle,  and  internal,  though  this  division  is  somewhat  arbi- 
trary. 

The  external  layer,  very  thin  but  distinct,  is  closely  at- 
tached to  the  peritoneum.  When  the  uterus  is  somewhat  en- 
larged after  impregnation,  we  observe  oblique  and  transverse 
superficial  fibres  passing  over  the  fundus  and  the  anterior  and 
posterior  surfaces  to  the  sides.  Here  they  are  prolonged  into 
the  Fallopian  tubes,  the  round  ligament,  and  the  ligament  of 
the  ovary,  and  also  extend  between  the  layers  of  the  broad 
ligament.  This  external  layer  is  so  thin  that  it  cannot  be  very 
efficient  in  the  expulsive  contractions  of  the  uterus ;  but,  from 
its  connections  with  the  Fallopian  tubes  and  the  ligaments,  it 
is  useful  in  holding  the  uterus  in  place.  It  does  not  extend 
entirely  over  the  sides  of  the  uterus.  Eouget,  who  has  given  a 
very  elaborate  description  of  the  external  layer  in  the  human 
subject  and  in  various  classes  of  animals,  has  found  it  pro- 
longed into  the  ligaments  and  extending  to  the  ovaries  and 
Fallopian  tubes.  He  regards  the  uterus  and  its  so-called  ap- 
pendages as  lying  between  two  thin,  muscular  sheets,  and 
considers  the  action  of  the  muscular  fibres  as  very  efficient  in 
producing  an  engorgement  of  the  erectile  tissue  of  the  inter- 
nal organs,  by  constriction  of  the  veins.  Erection,  according 
to  this  observer,  occurs  at  the  period  of  menstruation,  deter- 
mines the  application  of  the' fimbriated  extremity  of  the  Fal- 
lopian tubes  to  the  surface  of  the  ovary,  and  assists  in  the 
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expulsion  of  the  ovum.1  These  points  will  be  more  fully 
considered  under  the  head  of  ovulation. 

The  middle  layer  is  the  one  most  efficient  in  the  parturient 
contractions  of  the  uterus.  It  is  composed  of  a  thick  and 
complicated  net-work  of  fasciculi  interlacing  with  each  other 
in  every  direction. 

The  inner  layer  is  arranged  in  the  form  of  broad  rings, 
which  surround  the  Fallopian  tubes,  become  larger  as  they 
extend  over  the  body  of  the  uterus,  and  meet  at  the  centre 
of  the  organ  near  the  neck. 

The  mucous  membrane  of  the  uterus  is  of  a  pale,  reddish 
color ;  and  that  portion  lining  the  body  is  smooth,  and  so 
closely  attached  to  the  subjacent  structures,  that  it  cannot  be 
separated  to  any  great  extent  by  dissection.  There  is,  how- 
ever, no  proper  submucous  areolar  tissue,  the  membrane 
being  applied  directly  to  the  uterine  walls.  It  is  covered  by 
a  single  layer  of  cylindrical  epithelial  cells  with  delicate  cilia, 
the  movements  of  which  are  from  without  inward,  toward 
the  openings  of  the  Fallopian  tubes.*  Examination  of  the 
surface  of  the  membrane  with  a  low  magnifying  power 
shows  the  openings  of  numerous  tubular  glands.  These 
glands  are  usually  simple,  sometimes  branched,  dividing, 
about  midway  between  the  opening  and  the  lower  extremity, 
into  two  and,  very  rarely,  into  three  secondary  tubules.  Their 
course  is  generally  tortuous,  so  that  their  length  frequently 
exceeds  the  thickness  of  the  mucous  membrane.  The  open- 
ings of  these  tubes  are  about  yfo  of  an  inch  in  diameter. 

The  uterine  tubes  are  of  considerable  physiological  inter- 
est, and  have  been  the  subject  of  much  discussion.  Their 
secretion,  which  forms  a  thin  layer  of  mucus  on  the  surface 

1  Rouget,  Recherches  tur  les  organs  Sreciiles  de  la  femme.— Journal  de  la 
physiologic  Paris,  1858,  tome  L,  pp.  820,  479,  786,  et  seq. 

*  Kollikjcr,  J&ttmenU  cThistologie  humaine,  Paris,  1868,  p.  728. 

According  to  Luschka,  as  a  rule,  it  is  only  the  mucous  membrane  of  the 
upper  half  of  the  body  and  the  fundus  o/  the  uterus  whieh  is  provided  with 
ciliated  epithelium,  the  movement  being  toward  the  openings  of  the  Fallopian 
tabes.    (Luschka,  Anaiomie  dee  Menechen,  Tubingen,  1864,  Bd.  iL,  S.  870.) 


THE  UTERUS,  283 

of  the  membrane  in  health,  is  grayish,  viscid,  and  feebly 
alkaline.  The  tubes  themselves  have  exceedingly  thin,  struct- 
ureless walls,  and  are  lined  with  cylindrical  ciliated  epithelial 
cells.  These  cells  have  been  accurately  described  by  Lott, 
who  observed  ciliary  movement,  as  far  down  as  their  blind  ex- 
tremities, in  some  of  the  mammalia,  the  movement  always 
being  toward  the  openings.1 

The  changes  which  the  mucous  membrane  of  the  body  of 
the  uterus  undergoes  during  menstruation  are  remarkable. 
Under  ordinary  conditions,  its  thickness  is  from  *S"  to  -^  of 
an  inch ;  but  it  measures,  during  the  menstrual  period,  from 
£  to  i  of  an  inch. 

In  the  cervix,  the  mucous  membrane  is  paler,  firmer,  and 
thicker  than  over  the  body  of  the  uterus,  and  presents  a  dis- 
tinct line  of  demarcation.  It  is  here  more  loosely  attached 
to  the  subjacent  tissue,  and  the  anterior  and  posterior  surfaces 
of  the  neck  present  an  appearance  of  folds  radiating  from 
the  median  line,  forming  what  has  been  called  the  arbor  vitoe 
uteri,  or  plicsB  palmate.  These  so-called  folds  are  supposed 
by  some  anatomists  to  be  formed  by  rows  of  large,  papillary 
elevations  of  the  membrane.  Throughout  the  entire  cer- 
vical membrane,  are  numerous  mucous  glands,  and,  in  addi- 
tion, in  the  lower  portion,  are  a  few  rounded,  semi  transparent, 
closed  follicles,  called  the  ovules  of  Naboth,  which  are  prob- 
ably cyBtic  enlargements  of  obstructed  follicles.  The  upper 
half  of  the  cervical  membrane  is  smooth,  but  the  lower  half 
presents  numerous  villi. 

According  to  the  recent  researches  of  Lott,  who  has  elabo- 
rately investigated  this  subject  and  reviewed  the  opinions  of 
previous  writers,  the  epithelium  of  the  cervix  presents  great 
variations  in  its  character  in  different  individuals.  Before 
the  time  of  puberty,  Lott  is  of  the  opinion  that  the  entire 
membrane  of  the  cervix  is  covered  with  ciliated  epithelium. 
After  puberty,  however,  the  epithelium  of  the  lower  portion 

1  Lott,  Ueber  da*  Flimmerepithd  der  Utermdru9m,  in  Rollett,  UnUrtuckun- 
gen,  Leipzig,  1871,  Zweitee  Heft,  &  250,  et  *eq. 
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changes  its  character,  and  we  have  cylindrical  cells  above, 
with  squamous  cells  in  the  inferior  portion.  The  latter  ex- 
tend upward  in  the  neck  to  a  variable  distance.1 

The  blood-vessels  of  the  uterus  are  very  large,  and  pre- 
sent certain  important  peculiarities  in  their  arrangement. 
The  uterine  arteries  pass  between  the  layers  of  the  broad 
ligament  to  the  neck,  and  then  ascend  by  the  sides  of  the 
uterus,  presenting  an  exceedingly  rich  plexus  of  convoluted 
vessels,  anastomosing  above  with  branches  from  the  ovarian 
arteries,  sending  branches  over  the  body  of  the  uterus,  and 
finally  penetrating  the  organ,  to  be  distributed  mainly  in 
the  middle  layer  of  muscular  fibres.  In  their  course,  these 
vessels  present  the  convoluted  arrangement  characteristic  of 
erectile  tissue,  and  form  a  sort  of  mould  of  the  body  of  the 
uterus.  Eouget  calls  this  the  erectile  tissue  of  the  internal 
generative  organs.  By  placing  the  pelvis  in  a  bath  of  warm 
water,  and  injecting  what  he  calls  the  spongy  bodies  of  the 
ovaries  and  uterus  by  the  ovarian  veins,  he  produced  a  dis- 
tention of  the  vessels  and  a  true  erection,  the  uterus  execut- 
ing a  movement  analogous  to  that  of  the  penis  during  vene- 
real excitement.* 

In  addition  to  the  erectile  action  described  by  Eouget, 
Wernich  has  lately  noted  a  true  erection  of  the  lower  portion 
of  the  uterus,  particularly  the  neck,  which  he  believes  to  be 
very  efficient  in  aiding  the  penetration  of  spermatozoids. 
In  several  observations,  he  noticed,  during  a  vaginal  examina- 
tion by  the  touch,  that  the  neck  of  the  uterus,  which  at  first 
was  soft  and  flaccid,  became  elongated,  hardened,  and  ap- 
parently in  a  condition  of  erection,  giving  an  impression  to 
the  finger  comparable  to  that  of  the  hardened  glans  penis. 
As  an  anatomical  explanation  of  the  phenomena  observed, 
Wernich  quotes  from  Eenle,  an  account  of  the  arrangement 
of  the  blood-vessels  of  the  cervix,  and  his  physiological  de- 

1  Low,  Zur  AtuUomie  und  PhyMogie  des  Cervix  Uteri,  Erlangen,  1872,  8. 
15,  Huq. 

•  Rouen,  op.  cit.— Journal  de  la  phyriologie,  Paris,  1858,  tome  L,  p.  888. 
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ductions  from  the  presence,  in  this  portion  of  the  uterus,  of 
a  true  erectile  tissue.1  This  question  will  be  considered  more 
fully  under  the  head  of  the  mechanism  of  fecundation. 

In  the  muscular  structure  of  the  uterus,  are  numerous 
large  veins,  the  walls  of  which  are  closely  adherent  to  the 
uterine  tissue.  During  gestation,  these  vessels  become  en- 
larged, forming  the  so-called  uterine  sinuses. 

Lymphatics  are  not  very  numerous  in  the  unimpregnated 
uterus,  but  they  become  largely  developed  during  gestation. 
They  exist  in  a  superficial  and  a  deep  layer,  the  deeper  vessels 
coming  from  the  muscular  substance,  and  probably  also  from 
the  mucous  membrane." 

The  uterine  nerves  are  derived  from  the  inferior  hypo- 
gastric  and  the  spermatic  plexuses,  and  the  third  and  fourth 
sacral.  In  the  substance  of  the  uterus,  they  present  small 
collections  of  ganglionic  cells,  which  were  described  by  Dr. 
Robert  Lee,  in  1839."  According  to  Frankenhaeuser,  they 
pass  finally  to  the  nucleoli  of  the  muscular  fibres.4 

The  FaUopian  Tvbe*. — The  Fallopian  tubes,  or  oviducts, 
lead  from  the  ovaries  to  the  uterus.  They  are  shown  in  Fig. 
24,  one  being  applied,  by  its  fimbriated  extremity,  to  the 
ovary.  These  tubes  are  from  three  to  four  inches  long,  but 
the  length  is  not  always  equal  upon  the  two  sides.  They  lie 
between  the  folds  of  the  broad  ligament  at  its  upper  border. 
Opening  into  the  uterus  upon  either  side  at  the  cornua,  they 
present  a  small  orifice,  about  ^  of  an  inch  in  diameter.  From 
the  cornua,  they  take  a  somewhat  undulatory  course  outward, 

1  Wkrnich,  Weber  die  ErecHonsf&hLgkeit  des  unteren  UterusobschiUes  und 
ihre  Bedeutung. — Betrage  zur  Geburtshiilfe  und  Gyn&kologie,  Berlin,  1872,  Bd. 
L,  S.  296,  et  seq. 

*  A  very  elaborate  article  upon  the  lymphatics  of  the  unimpregnated  uterus 
has  lately  been  published  by  Dr.  Leopold,  of  Leipzig,  which  contains  many  new 
points  of  considerable  anatomical  interest  (Leopold,  Die  Zymphgefdsse  dea  nor* 
molen,  nicht  schwangeren  Uterus. — Archiv  fur  Gynoekologie,  Berlin,  1878,  Bd. 
▼i.,  S.  1,  et  teg.) 

'  Lee,  Memoir  on  the  Ganglia  and  Nerves  of  the  Uterus,  London,  1889. 

4  Fm.xttNHAXirasR,  Die  Nerven  der  Gebaermutter,  Jena,  1867,  S.  76,  Taf.  viii 
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gradually  increasing  in  size,  so  that  they  are  rather  trumpet- 
shaped.  Near  the  ovary,  they  turn  downward  and  back- 
ward. The  extremity  next  the  ovary  is  marked  by  from  ten 
to  fifteen  fimbriae,  or  fringes,  which  has  given  this  the  name 
of  the  fimbriated  extremity,  or  morsus  diaboli  All  of  these 
fringe-like  processes  are  free,  except  one ;  and  this  one,  which 
is  longer  than  the  others,  is  attached  to  the  outer  angle  of  the 
ovary,  and  presents  a  little  gutter,  or  furrow,  extending  from 
the  ovary  to  the  opening  of  the  tube.  At  this  extremity,  is 
the  abdominal  opening  of  the  tube,  which  is  two  or  three 
times  as  large  as  the  uterine  opening.  Passing  from  the 
uterus,  the  caliber  of  the  tube  gradually  increases  as  the  tube 
itself  enlarges,  and  there  is  an  abrupt  constriction  at  the  ab- 
dominal opening. 

Beneath  the  peritoneal  coat,  which  is  formed  by  the  layers 
of  the  broad  ligament,  is  a  layer  of  connective  tissue,  con- 
taining a  rich  plexus  of  blood-vessels.  This  constitutes  the 
proper  fibrous  coat  of  the  Fallopian  tubes. 

The  muscular  layer  is  composed  mainly  of  circular  fibres, 
of  the  non-striated  variety,  with  a  few  longitudinal  fibres 
prolonged  over  the  tube  from  the  external  muscular  layer  of 
the  uterus.  This  coat  is  quite  thick,  and  sends  bands  be- 
tween the  layers  of  the  broad  ligament  to  the  ovary,  which 
are  supposed  to  act  in  adapting  the  fimbriated  extremity  of 
the  tube  to  the  surface  of  the  ovary. 

The  mucous  membrane  of  the  tube  is  thrown  into  folds, 
which  are  longitudinal  and  transverse  near  the  uterus,  and 
are  more  complicated  at  the  dilated  portion.  In  this  portion, 
next  the  ovary,  embracing  about  the  outer  two-thirds,  the  folds 
project  far  into  the  caliber  of  the  tube.  These  are  sometimes 
simple,  but  more  frequently  they  present  secondary  folds, 
often  meeting  as  they  project  from  opposite  sides.  This  ar- 
rangement gives  an  arborescent  appearance  to  the  membrane 
on  transverse  section  of  the  tube.  The  mucous  membrane  is 
covered  by  cylindrical  ciliated  epithelium,  the  movement  of 
the  cilia  being  from  the  ovary  toward  the  uterus.    At  the 
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margins  of  the  fimbriae,  the  ciliated  epithelium  is  continuous 
with  the  epithelium  of  the  peritoneum,  presenting  the  excep- 
tional example  of  an  opening  of  a  mucous-lined  tube  into  the 
cavity  of  the  peritoneum.  The  membrane  of  the  tubes  has 
no  mucous  glands. 

It  is  not  necessary  to  enter  into  a  minute  description  of 
the  external  organs  of  the  female.  Opening  by  the  vulva, 
externally,  and  terminating  at  the  neck  of  the  uterus,  is  a 
membranous  tube,  the  vagina.  This  lies  between  the  bladder 
and  the  rectum ;  it  is  curved,  being  about  four  inches  long  in 
front,  and  five  or  six  inches  long  posteriorly.  There  is  a  con- 
stricted portion  at  the  outer  opening,  where  we  have  a  muscle, 
called  the  sphincter  vaginae,  and  the  tube  is  somewhat  nar- 
rowed at  its  upper  end,  where  it  embraces  the  cervix  uteri. 
The  inner  surface  presents  a  mucous  membrane,  marked  by 
transverse  rugae,  with  papillae  and  mucous  glands.  Its  sur- 
face is  covered  with  flattened  epithelium.  The  vagina  is 
quite  extensible,  as  it  must  be  during  parturition,  to  allow 
the  passage  of  the  child.  It  presents  a  proper  coat  of  dense 
fibrous  tissue,  with  longitudinal  and  circular  muscular  fibres 
of  the  non-striated  variety.  "We  have,  also,  surrounding  it, 
a  rather  loose  erectile  tissue,  which  is  most  prominent  at  its 
lower  portion. 

The  parts  composing  the  external  organs  are  abundantly 
supplied  with  vessels  and  nerves.  In  the  clitoris,  which  cor- 
responds to  the  penis  of  the  male,  and  on  either  side  of  the 
vestibule,  we  find  a  true  erectile  tissue. 
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THE    OVUM    AND    OVULATION. 

Structure  of  the  ovum — Vitelline  membrane— Vitellua — Germinal  vesicle  and 
germinal  spot — Discharge  of  the  ovum — Passage  of  ova  into  the  Fallopian 
tubes — Puberty  and  menstruation — Description  of  a  menstrual  period- 
Characters  of  the  menstrual  flow — Changes  in  the  uterine  mucous  mem- 
brane during  menstruation — Changes  in  the  Graafian  follicle  after  its  rupture 
(corpus  luteum) — Corpus  luteum  of  pregnancy. 

We  have  now  to  study,  as  a  necessary  introduction  to  the 
history  of  development,  the  structure  of  the  ripe  ovum,  the 
mechanism  of  its  discharge  from  the  Graafian  follicle,  and 
the  phenomena  which  attend  the  process  of  ovulation. 

Anterior  to  1827,  there  was  much  discussion  among  physi- 
ologists, with  regard  to  the  production,  discharge,  etc,,  of  the 
female  element  of  generation.  In  1827,  Von  Baer  distinctly 
described  the  ovum  in  man  and  mammals,  noted  its  relations 
to  the  Graafian  follicle,  concerning  which  there  had  been  great 
oonfusion,  and  designated  it  as  the  veritable  ovum,  destined 
to  be  developed  into  the  foetus:1  From  this  description,  Von 
Baer  is  regarded  as  the  discoverer  of  the  human  ovum ;  not 
so  much  because  he  was  the  first  to  see  it,  for  imperfect 
descriptions  of  the  ovum  had  been  given,  in  rabbits,  dogs, 
etc.,  many  years  before,  but  for  the  reason  that  his  descrip- 
tion was  the  most  accurate,  and  settled  several  important 
points  of  dispute. 

1  De  Baer,  Lettre  sur  la  formation  de  Vmuf  dans  Vetpdee  humairu  et  dans  les 
mammi/iret. — JPubli&epar  G.  Breschet,  Paris,  1829,  p.  33.  This  letter  was  ad- 
dressed to  the  Imperial  Academy  of  Sciences  of  St.  Petersburg,  and  was  origi- 
.nally  published  atXeipzig,  in  182?. 
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Structure  of  the  Ovum. 

The  ripe  ovum,  as  we  have  already  indicated,  lies  in  the 
Graafian  follicle,  embedded  in  the  mass  of  cells  which  con- 
stitutes the  discus  proligerus.  Within  the  discus,  surround- 
ing the  ovum,  there  seem  to  be  two  kinds  of  cells ;  first,  cells 
evidently  belonging  to  the  Graafian  follicle,  and  similar  to 
the  cells  in  other  parts  of  the  membrana  granulosa ;  second, 
a  single  layer  of  columnar  cells,  belonging  to  the  ovum, 
and  probably  concerned  in  the  production  of  the  proper 
membrane  of  the  ovum,  the  vitelline  membrane.  Regarding 
the  vitelline  membrane  as  the  external  covering,  we  can  see, 
in  the  ovum,  a  clear,  transparent  membrane,  a  granular  mass, 
the  vitellus,  filling  this  membrane  completely,  a  large,  clear 
nucleus,  called  the  germinal  vesicle,  and  a  nucleolus,  called 
the  germinal  spot. 

The  size  of  the  ripe  ovum,  in  the  human  subject  and  in 
mammals,  is  about  x^r  °f  an  inch?  an<i  its  form  is  globular. 

The  external  membrane  is  clear,  apparently  structureless, 
quite  strong  and  resisting,  and  measures  about  88^0  of  an 
inch  in  thickness.  As  it  forms  a  transparent  ring  in  the  mass 
of  cells  in  which  the  ovum  is  embedded,  this  is  sometimes 
called  the  zona  pellucida.  According  to  recent  researches,  it 
seems  that  the  primordial  ovum  has  at  first  no  special  invest- 
ing membrane ;  as  it  develops,  it  presents,  surrounding  the 
vitellus,  a  single  layer  of  columnar  cells ;  at  the  deepest  por- 
tion of  these  cells,  a  homogeneous  basement  membrane  is 
gradually  formed ;  and  the  cells  undergo  a  sort  of  cuticular 
transformation,  becoming  finally  the  vitelline  membrane.1 

An  important  point,  in  this  connection,  is  the  question  of 
the  existence  of  pores,  or  perforations  in  the  vitelline  mem- 
brane. As  we  shall  see  farther  on,  there  can  be  no  doubt  as  to 
the  actual  penetration  of  the  spermatozoids  through  this  mem- 
brane, so  that  they  come  in  contact  with  the  vitellus ;  and  it  is 

1  Waldeyer,  in  Stricter,  Manual  of  Human  and  Comparative  Hutology, 
The  New  Sydenham  Society,  London,  1872,  voL  ii.,  p.  177. 
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in  this  way  that  the  ovum  is  fecundated.  In  the  osseous  fishes, 
there  seems  to  be  no  question  with  regard  to  the  existence  of 
numerous  pores  in  the  vitelline  membrane ;  but  these  are  not 
so  easily  demonstrated  in  the  ova  of  mammals.  Many  years 
ago,  Barry  described  and  figured  a  large  opening,  or  uricro- 
pyle,  in  the  ovum  of  the  rabbit,  in  which  he  thought  he  dis- 
tinguished, on  one  occasion,  a  spermatozoid  half-way  through 
the  membrane ;  *  but  this  was  probably  an  accidental  rupture. 
A  so-called  micropyle  has  been  described  by  Keber,  in  certain 
mollusks,*  the  existence  of  which  is  admitted  by  Coste,  though 
he  doubts  the  observation  in  which  Keber  described  a  sper- 
matozoid, with  the  tail  detached,  in  the  act  of  penetrating 
the  membrane.  Coste  himself  states  that  the  micropyle  is 
seen  with  distinctness  in  the  osseous  fishes,  as  the  salmon, 
trout,  etc.  "  At  the  bottom  of  an  umbilicus,  visible  with  a 
simple  loop,  the  vitelline  membrane  is  pierced  with  a  micro- 
scopic orifice,  clearly  defined,  provided  internally  with  a  little 
valve."  •  Admitting  the  existence  of  a  micropyle  and  pores 
in  the  vitelline  membrane,  in  fishes  and  mollusks,  it  is  certain 
that  openings  are  very  much  more  indistinct,  if  they  can  be 
seen  at  all,  in  the  ova  of  mammals ;  still,  the  fact  of  the  ac- 
tual penetration  of  spermatozoids  almost  of  necessity  presup- 
poses the  presence  of  orifices.  "We  have  often  thought,  in 
studying  this  subject,  that  it  must  be  difficult,  examining  a 
perfectly  transparent  and  homogeneous  membrane  in  water, 
which  would  fill  up  all  pores,  to  distinguish  any  openings, 
and  have  been  disposed  to  admit  their  presence,  mainly  be- 
cause the  spermatozoids  are  known  to  pass  through.  The 
idea  of  their  existence  in  mammals  certainly  receives  sup- 
port from  analogy  with  the  lower  orders  of  animals. 

The  vitellus,  called  the  principal  yolk  or  the  formative 

1  Barry,  Researches  in  Embryology. — Philosophical  Transactions,  London, 
1889,  Part  ii.,  p.  533. 

•  Keber,  Ueber  den  Eintritt  der  SamenzeUen  in  das  Ei}  Konigsberg,  1858,  S. 
18,  et  seq. 

8  Coste,  Dwdoppement  det  corps  organists,  Paris,  1859,  tome  ii.,  p.  106. 
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yolk,  contains  the  elements  which  are  to  undergo  develop- 
ment into  the  embryon.  It  is  composed  of  a  semifluid  mass, 
containing,  in  addition  to  the  germinal  vesicle,  numerous 
granules.  Some  of  these  granules  are  large,  strongly-refract- 
ing, globular  bodies,  which  are  so  bright  and  so  numerous, 
that  they  obscure  the  other  parts  of  the  vitellus.  Between 
these,  are  numerous  albuminoid  granules,  much  smaller  and 
not  bo  distinct. 

The  germinal  vesicle,  sometimes  called  the  vesicle  of  Pur- 
kinje,1 is  the  enlarged  nucleus'  of  the  primordial  ovum."  It 
is  a  clear,  globular  vesicle,  about  ffo  of  an  inch  in  diameter, 
embedded  in  the  vitellus,  its  position  varying  in  different 
ova.  It  presents  in  its  interior  a  number  of  fine  granules, 
and  a  large,  dark  spot,  called  the  germinal  spot,  or  the  spot 
of  Wagner,*  which  measures  about  86*q0  of  an  inch  in  diam- 
eter. This  spot  corresponds  to  the  nucleolus  of  the  primor- 
dial ovum.  In  mammals,  the  mature  ovum  contains  but  one 
germinal  vesicle  and  one  germinal  spot.  The  observation  of 
Eolliker,  who  noted,  as  a  rare  exception,  two  vesicles  in  a 
human  ovum,  has  not  been  confirmed.4  The  various  points 
we  have  described  are  illustrated  in  Fig.  29. 

1  Purkinje  (Symbolce  ad  Ovi  Avium  IRttoriam  ante  Incubatumem,  Lipei©, 
1830)  wb8  the  first  to  describe  this  vesicle  in  the  ova  of  birds.  The  original 
work  of  Purkinje  was  not  regularly  published  until  1830,  having  been  first  pre- 
sented, in  1825,  at  a  reunion  to  celebrate  the  fiftieth  anniversary  of  the  doctorate 
of  Blumenbach.  Coste  (DSvdoppemeni  dee  corps  organises,  Paris,  1847,  tome  i., 
p.  115,  et  seq.)  discovered  this  vesicle  in  the  mammalian  ovum,  his  first  publication 
bearing  the  date  of  1834.  In  his  large  work,  Coste  seems  to  completely  refute 
the  claims  of  Bernhardt  and  of  Wharton  Jones  to  the  discovery  of  the  germinal 
vesicle  in  mammals. 

8  The  ideas  which  have  obtained  within  the  last  few  years  with  regard  to  the 
development  of  mature  ova  from  simple  cells,  called  primordial  ova,  were  ad- 
vanced by  Robin,  as  early  as  1862.    (Robin,  Mhmoire  sur  les  phenomena  qui 
§e  possent  done  V ovule  avont  la  segmentation  du  vitellus.— •Journal  de  la  physiologic  ■ 
Paris,  1862,  tome  v.,  p.  67,  et  teq.) 

*  Wagner,  Prodromus  Histories  Generation**  Hominis  atque  Animalium,  Lip- 
si©,  1836,  p.  4. 

4  Kolliker,  Jtttmentt  cThistologie  humaine,  Paris,  1868,  p.  705. 
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Discharge  of  the  Ovum. 
A  ripe  Graafian  follicle  measures  from  \  to  £  an  inch  in 
diameter,  and  presents  a  rounded  elevation,  containing  a 
plexus  of  blood-vessels,  upon  the  surface  of  the  ovary.  At 
its  most  prominent  portion,  is  an  ovoid  spot,  in  which  the 
membranes  are  entirely  free  from  blood-vessels.     At   this 


i 


neter. — a,  epithelium  of  tbs 
i;  6,  ioih  pellnrlda,  with  ™dla«Dg  >lfjatlnni  (vitelline  mrmhnne);  CKermlni]  tmI- 
— .  i.  EermLnil  upot;  e.  vltellus.    (WitDnn,  In  Btiiceek,  Uandliuch  drr  Lrhre  Tan 
dm  Geirebm,  Lrlpilg,  1811,  S.  666.) 

spot,  which  is  called  the  macula  folliculi,  the  coverings  finally 
give  way,  and  the  contents  of  the  follicle  are  discharged.  For 
a  short  time  anterior  to  the  rupture  of  the  follicle,  important 
changes  have  been  going  on  in  its  structure.    In  the  first  place, 
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the  non-vascular  portion,  situated  at  the  very  surface  of  the 
ovary,  undergoes  fatty  degeneration,  by  which  this  part  of  the 
wall  becomes  gradually  weakened.  At  the  same  time,  at  the 
other  portions  of  the  follicle,  there  is  a  growth  of  cells,  which 
project  into  the  interior,  and  an  extension,  into  the  interior, 
of  blood-vessels  in  the  form  of  loops.  These  processes,  with 
an  increase  in  the  pressure  of  liquid  and  the  fatty  degenera- 
tion of  the  macula,  cause  the  follicle  to  buret ;  and,  with  the 
liquid,  the  discus  proligerus  and  the  ovum  are  expelled.  The 
formation  of  a  cell-growth  in  the  interior  of  the  follicle  is 
really  the  beginning  of  the  corpus  luteum ;  and  this  occurs 
some  time  before  the  discharge  of  the  ovum  takes  place.  It 
is  a  disputed  question  whether  or  not  a  haemorrhage  occurs 
into  the  follicle  at  the  time  of  its  rupture.  This  may,  and 
undoubtedly  does  sometimes  occur,  but  it  cannot  be  regarded 
as  constant,  and  has  been  denied  by  many  observers. 

The  time  at  which  the  follicle.ruptures,  particularly  with 
reference  to  the  menstrual  period,  is  probably  not  definite ; 
but  it  is  certain  that,  while  sexual  excitement  may  hasten  the 
discharge  of  an  ovum  by  producing  a  greater  or  less  tendency 
to  congestion  of  the  internal  organs,  ovulation  takes  place  in- 
dependently of  the  act  of  coition.  The  opportunities  for  de- 
termining this  fact  in  the  human  female  are  not  frequent ; 
but  it  has  been  fully  demonstrated  by  observations  upon  the 
inferior  animals,  and  there  is  now  no  doubt  with  regard  to 
the  identity  of  the  phenomena  of  rut  and  of  menstruation. 
It  is  useless,  at  the  present  day,  to  enter  into  an  elaborate 
discussion  of  this  point,  which  occupied  so  much  the  atten- 
tion of  the  earlier  writers.  From  the  earliest  times,  it  was 
recognized,  not  only  that  women  became  fruitful  only  after 
the  appearance  of  the  menses,  but  that  sexual  intercourse  was 
most  likely  to  be  followed  by  conception  when  it  occurred 
near  the  periods ;  a  point  which  we  shall  discuss  more  fully 
under  the  head  of  fecundation.  When  it  was  recognized  that 
rupture  of  Graafian  follicles  was  followed  by  the  formation 
of  corpora  lutea,  it  became  easy  to  verify  the  supposition 
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that  the  ova  were  discharged  at  regular  intervals,  by  an  ex- 
amination of  the  ovaries  in  women  who  had  died  suddenly ; 
and  such  observations,  showing  corpora  lutea  in  virgins,  de- 
monstrated that  ovulation  was  not  necessarily  dependent  upon 
coitus.1 

Observations  upon  the  lower  animals  have  shown,  not- 
withstanding the  fact  of  discharge  of  ova  without  copula- 
tion or  even  the  sight  of  the  male,  that  sexual  excitement  has 
a  certain  influence  upon  ovulation.  The  experiments  of 
Coste  upon  this  point  are  very  interesting.  This  observer 
noted  that,  in  rabbits  killed  from  ten  to  fifteen  hours  after 
copulation,  there  was  evidence  of  the  recent  discharge  of 
ova.  In  two  experiments,  however,  he  took  female  rabbits  in 
heat  and  manifesting  the  greatest  ardor  for  the  male,  pre- 
sented them  to  the  male,  in  order  to  show  that  they  were 
really  in  heat,  but  carefully  prevented  copulation.  This  was 
done  for  three  days  in  succession,  there  being,  on  each  occa- 
sion, a  manifest  desire  for  the  approach  of  the  male.  One 
rabbit  was  killed  on  the  third  day,  while  still  in  heat ;  and 
six  distended  Graafian  follicles  were  found  in  one  ovary  and 
two  in  the  other ;  but  there  was  no  trace  of  ruptured  follicles. 
The  other  rabbit  ceased  to  be  in  heat  on  the  fourth  day  and 
was  killed  on  the  fifth.  This  animal  presented  seven  distend- 
ed follicles  on  one  side,  and  one  on  the  other,  but  no  ruptured 
follicles."  From  these  and  other  experiments  on  the  lower  ani- 
mals, there  seems  to  be  no  doubt  that  copulation  hastens  the 

1  For  numerous  citations  upon  this  point,  the  reader  is  referred  to  Coste  (JW- 
veloppement  des  corps  organises,  Paris,  1847,  tome  i.,  p.  195,  et  seq.).  In  1837, 
Coste  (Embryogknu  eomparie,  Paris,  1887,  tome  i.,  p.  454)  published  an  account 
of  periodical  ovulation  in  mammals  occurring  independently  of  copulation ;  but 
he  admits  that  Negrier  anticipated  him,  by  several  years,  in  a  communication 
made  to  the  Sociiti  de  m&decme  <F  Angers,  in  1881,  although  this  was  not  pub- 
lished until  1840.  The  observations  of  Negrier  are  all  the  more  interesting,  as 
they  were  made  upon  the  human  female.  (N&grier,  Recherche*  anotomiquts  et 
pihysiologiques  sur  let  ovaires  dans  Vespkee  humaine,  Paris,  1840.)  In  the  preface 
to  this  work,  Negrier  discusses  the  question  of  priority  of  his  investigations. 

•  Coste,  Developpemcnt  det  corps  organises,  Paris,  1847,  tome  i.,  p.  188,  et  seg. 
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rapture  of  ripe  Graafian  follicles ;  but,  on  the  other  hand,  it 
is  equally  true  that  follicles  rupture  independently  of  the 
sexual  act.  Bischoif ,  who  first  entertained  the  view  that  the 
contact  of  the  spermatozoids  with  the  ovary  was  necessary 
for  the  rupture  of  a  follicle,1  afterward  actually  discovered 
ova  in  the  Fallopian  tubes  in  sheep,  bitches,  sows,  etc.,  during 
the  rutting  period,  when  copulation  had  been  prevented." 

To  return  to  the  phenomena  which  attend  ovulation  in 
the  human  subject,  there  is  every  reason  to  suppose,  at  least 
from  analogy,  that  the  excitement  of  the  genital  organs 
during  sexual  intercourse  may  determine  the  rupture  of  a 
ripe  Graafian  follicle.  At  stated  periods,  marked  by  the  phe- 
nomena of  menstruation,  one,  and  sometimes  more  Graafian 
follicles  become  distended  and  usually  rupture  and  discharge 
their  contents  into  the  Fallopian  tubes.  This  discharge  of 
an  ovum  or  ova  may  occur  at  the  beginning,  at  the  end,  or  at 
any  time  during  the  continuance  of  the  menstrual  flow. 
Upon  this  point,  the  observations  of  Coste,  although  they 
were  made  many  years  ago,  seem  entirely  conclusive.  In  a 
woman  who  died  on  the  first  day  of  menstruation,  he  found 
a  recently-ruptured  follicle ;  in  other  instances,  at  a  more  ad- 
vanced period  and  toward  the  decline  of  the  menstrual  flow, 
he  found  evidences  that  the  rupture  had  occurred  later ;  in 
the  case  of  a  female  who  drowned  herself  four  or  five  days 
after  the  cessation  of  the  menses,  a  follicle  was  found  in  the 
right  ovary,  so  distended  that  it  was  ruptured  by  very  slight 
pressure ;  and  other  instances  were  observed  in  which  folli- 
cles were  not  ruptured  during  the  menstrual  period.  The 
most  striking  case  of  this  kind  was  of  a  young  girl,  nineteen 
years  of  age,  who  committed  suicide  fifteen  days  after  the 
menstrual  period.     The  ovaries  were  examined  with  the 

1  Bischoft,  TraitS  du  dhehppemerU  de  Vhomme  et  dee  mammi/eree. — Bney- 
dopedie  anatomique,  Pane,  1863,  tome  viii.,  p.  21. 

•  Bischoff,  Sur  la  maturation  et  la  chute  phrxodxqae  de  Voeuf  de  Vhomme  et 
dee  mammi/eree,  independamment  de  la  fkondation. — Annates  dee  eeiencee  natu- 
rellee,  Zoologie,  Paris,  1844,  Sme  sene,  tome  ii.,  p.  124,  et  eeq. 
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greatest  care.  "  By  the  side  of  the  Graafian  vesicles  largely 
developed,  were  found  traces  of  ruptured  vesicles ;  but  the 
corpora  lutea  were  evidently  too  old  to  be  reasonably  referred 
to  the  last  menstruation ;  the  Graafian  vesicle,  consequently, 
had  not  matured,  or  at  least  had  been  arrested  in  its  develop- 
ment." 

In  conclusion,  remembering  that  coitus  may  hasten  the 
rupture  of  ripe  follicles,  we  may  quote  the  following  as  rep- 
resenting what  we  know  of  the  relations  between  ovulation 
and  menstruation : 

"  As  a  summary,  then,  of  all  the  facts  that  I  have  ob- 
served, I  believe  it  to  be  conclusive,  that,  in  the  human  fe- 
male, there  is  always,  at  each  menstrual  period,  as  during  the 
condition  of  rut  in  mammals,  a  vesicle  of  the  ovary  which 
has  a  marked  preponderance  over  the  others ;  that  it  sponta- 
neously arrives  at  maturity,  and,  most  generally,  is  ruptured 
at  some  time  during  this  period  to  give  issue  to  the  ovum 
which  it  contains ;  but  there  are  cases,  also,  in  which,  in  the 
absence  of  sufficiently  favorable  conditions,  this  distended 
vesicle  cannot  accomplish  this  end,  and,  as  in  mammals  again, 
may  remain  stationary  or  be  entirely  reabsorbed." l 

Passage  of  Ova  into  the  Fallopian  Tubes. 

The  fact  that  the  ova,  in  the  great  majority  of  instances, 
pass  into  the  Fallopian  tubes,  is  sufficiently  evident.  The 
fact,  also,  that  ova  may  fall  into  the  cavity  of  the  peritoneum 
is  shown  by  the  occasional  occurrence  of  extra-uterine  preg- 
nancy, a  rare  accident,  which  shows  that,  in  all  probability, 
the  failure  of  unimpregnated  ova  to  enter  the  tubes  is  excep- 
tional. When  we  come,  however,  to  the  mechanism  of  the 
passage  of  the  ova  into  the  tubes,  the  explanation  is  difficult 

At  the  present  time,  there  are  two  theories ;  one,  in  which 
it  is  supposed  that  the  fimbriated  extremities  of  the  tubes, 
at  the  time  of  rupture  of  the  Graafian  follicles,  become 
adapted  to  the  surface  of  the  ovaries ;  and  the  other,  that  the 

1  Costs,  Dheloppement  de*  corps  organtk,  Paris,  1847,  tome  i.,  p.  222 
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ova  are  carried  to  the  openings  of  the  tubes  by  ciliary  cur- 
rents. Neither  of  these  theories  is  capable  of  actual  demon- 
stration ;  and  we  can  only  judge  of  their  probable  correctness 
from  anatomical  facts.  Rouget,  an  earnest  advocate  of  the 
first-mentioned  theory,  has  given  aji  exact  description  of  the 
muscular  structures  connected  with  the  tubes  and  ovaries. 
We  have  already  seen  that  one  of  the  fimbriae  of  the  tube  is 
longer  than  the  others,  and  is  attached  to  the  outer  angle  of 
the  ovary.  The  other  fimbriae  are  unattached,  and  are  dis- 
tant from  about  half  an  inch  to  an  inch  from  the  ovarian  sur- 
face. According  to  this  observer,  there  is  a  double  layer  of 
muscular  fibres,  passing  from  the  lumbar  region  of  the  uterus 
and  embracing  the  whole  of  the  dilated  portion  of  the  tube ; 
and  the  action  of  these  fibres  must  draw  the  extremity  of  the 
tube  toward  the  ovary  and  apply  it  to  its  surface.1  That  the 
muscular  fibres  described  by  Bouget  exist,  there  can  be 
scarcely  a  doubt ;  but  that  their  action  is  essential  to  the  pas- 
sage of  ova  into  the  Fallopian  tubes,  is  a  question  for  discus- 
sion. If  we  could  assume  with  certainty  that  the  ova  are  dis- 
charged only  during  sexual  intercourse,  or  that  follicles  are 
usually  ruptured  as  a  consequence  of  pressure  exerted  by  the 
inuscular  action  described  by  Rouget,  this  theory  would  be 
rendered  exceedingly  probable,  to  say  the  least ;  but  the  facts 
do  not  admit  of  this  exclusive  view.  However,  observations 
upon  the  lower  animals,  particularly  rabbits,  have  shown  that 
copulation  actually  hastens  the  discharge  of  ova  from  ripe 
Graafian  follicles ;  but  it  must  be  a  question  of  theory  sim- 
ply, whether  the  act  be  attended  with  the  muscular  contrac- 
tion indicated  by  Rouget,  or  whether  there  be  a  determina- 
tion of  blood  to  the  ovary,  which  produces  an  additional 
tendency  to  rupture  at  this  time.  "We  can  hardly  adopt  unre- 
servedly the  theory  of  Rouget,  unless  it  be  evident  that  there 
is  no  other  way  in  which  the  ova  can  enter  the  tubes.    The 

1  Rouoit,  Reckerches  *ur  Us  oraanes  Srectiles  de  la  femme,  et  sur  Vappareil 
museulaire  tubo-ovarien,  dans  leurs  rapports  avee  V ovulation  et  la  menstruation.— 
Journal  de  la  pkysiologie,  Paris,  1858,  tomel,  p.  748. 
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fact  is  that,  in  the  human  female,  an  ovum  may  be  dis- 
charged at  the  beginning  of  menstruation,  at  any  time  during 
the  flow,  or  even  after  the  flow  has  ceased ;  and  it  is  more 
than  probable  that  pressure  within  the  follicle  alone  may 
cause  its  rupture,  and  that  this  may  occur  independently  of 
sexual  excitement  In  view  of  these  facts,  while  we  cannot 
deny  that  the  fimbriated  extremities  of  the  tubes  may,  by 
muscular  action,  be  approximated  toward  the  surface  of  the 
ovary,  we  cannot  admit  that  such  an  action  is  constant,  or 
that  it  is  necessary  to  the  passage  of  ova  into  the  tubes, 
though  the  theory  of  Bouget  has  been  adopted,  entirely  or  in 
part,  by  some  writers  of  authority.1 

If  we  take  into  account  the  situation  of  the  ovaries  and 
the  relations  of  the  Fallopian  tubes,  we  can  understand  how 
an  ovum  may  pass  into  the  tube,  without  invoking  the  aid  of 
muscular  action.  Let  us  suppose,  for  example,  that  a  Graa- 
fian follicle  be  ruptured  when  the  fimbriated  extremity  of  the 
tube  is  not  applied  to  the  surface  of  the  ovary.  One  of  the 
fimbriae,  longer  than  the  others,  is  attached  to  the  outer  an- 
gle of  the  ovary,  and  presents  a  little  furrow,  or  gutter,  lead- 
ing to  the  opening  of  the  tube.  This  furrow  is  lined  by  cili- 
ated epithelium,  as  indeed,  is  the  mucous  membrane  of  all 
of  the  fimbriae,  the  movements  of  which  produce  a  current  in 
the  direction  of  the  opening,  which  we  might  suppose  would 
be  sufficient  to  c&rry  a  little  globule,  only  yj^-  of  an  inch  in 
diameter,  into  the  tube.  At  the  same  time,  there  is  probably, 
as  has  been  suggested  by  Becker,"  a  constant  flow  of  liquid 
over  the  ovarian  surface,  directed  by  the  ciliary  current  tow- 
ard the  tube ;  and  when  the  liquid  of  the  ruptured  follicle  is 
discharged,  this,  with  the  ovum,  takes  the  same  course. 

In  all  probability,  what  we  have  just  described  is  the 
mechanism  of  the  passage  of  the  ova  into  the  Fallopian 

1  Longet,  Traiti  de  phytiologie,  Paris,  1869,  tome  iii.,  p.  828 ;  Kollikir, 
HlkmtnU  (^histologic  humaine,  Paris,  1868,  p.  716. 

'  Beckxr,  Ueber  Flimmerepitkdium  und  Fttmmerbwegung  im  G&chlechttap* 
parole  der  S&ugethiere  und  des  Meruchen. — Untersuchungm  xur  Naturlehrt  des 
Mencken  und  der  Thiere,  Frankfurt  a.  M.,  1857,  Bd.  il,  S.  92. 
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tubes ;  and  it  is  possible  that  the  fimbriated  extremity  may 
be  drawn  toward  the  ovarian  surface,  though  we  can  hardly 
anderstand  how  it  can  be  closely  applied  to  the  ovary  and 
exert  any  considerable  pressure  upon  the  distended  follicle. 
It  is  proper  to  note,  also,  that  the  conditions  dependent  upon 
the  currents  of  liquid  directed  by  the  movements  of  cilia 
are  constant,  and  could  influence  the  passage  of  an  ovum  at 
whatever  time  it  might  be  discharged,  while  a  muscular  action 
would  be  more  or  less  intermittent. 

It  is  somewhat  difficult  to  understand  the  exact  mechan- 
ism of  the  passage  of  an  ovum  discharged  from  an  ovary 
into  the  Fallopian  tube  upon  the  opposite  side,  although  it 
cannot  be  doubted  that  this  sometimes  occurs.  Schroeder 
has  collected,  from  various  authors,  the  reports  of  several 
cases,  in  which  an  ovum  has  been  discharged,  has  found  its 
way  into  the  uterus,  and  has  undergone  development,  one 
tube  being  closed  and  the  corpus  luteum  existing  upon 
the  side  on  which  the  tube  was  impervious.  In  some  in- 
stances in  which  the  corpus  luteum  has  been  found  on  the 
side  on  which  the  tube  was  closed,  tubal  pregnancy  has  oc- 
curred upon  the  opposite  side.1  In  these  cases,  tl*e  ovum 
must  have  passed  across  the  uterus.  It  is  possible  that}  the 
subject  lying  upon  one  side,  a  current  of  liquid  may  have 
taken  a  direction  from  the  ovary  to  the  opposite  tube,  but 
this  can  be  only  a  mere  supposition. 

Pvberty  and  Menstruation. 

At  a  certain  period  of  life,  usually  between  the  age  of 
thirteen  and  of  fifteen  years,  the  human  female  undergoes  a 
remarkable  change  and  arrives  at  what  is  termed  the  age  of 
puberty.  At  this  time,  there  is  a  marked  increase  in  the 
general  development  of  the  body ;  the  limbs  become  fuller 
and  more  rounded;  a  growth  of  hair  makes  its  appearance 
upon  the  mons  veneris ;  the  mammary  glands  increase  in  size 

1  Schboedkr,  Lehrbuch  der  Geburtohttlfe,  Bonn,  1871,  S.  19. 
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and  take  on  a  new  stage  of  development ; l  Graafian  follicles 
enlarge,  and  one  or  more  approach  the  condition  favorable  to 
rupture  and  the  discharge  of  ova.  At  this  time,  also,  certain 
changes  are  observed  in  the  moral,  as  well  as  in  the  physical 
attributes  of  the  female.  There  is  then  a  sort  of  indefinite 
consciousness  of  a  capacity  for  new  functions,  with  an  inde- 
scribable change  in  feeling  for  the  opposite  sex,  due  to  the 
first  development  of  sexual  instincts.  The  female  becomes 
capable  of  impregnation,  and  continues  so,  in  the  absence  of 
pathological  conditions,  until  the  cessation  of  the  menses. 

It  is  a  commonly-recognized  fact  that  the  age  of  puberty 
is  earlier  in  warm  than  in  cold  climates ;  and  numerous  in- 
stances are  on  record,  in  which  the  menses  have  appeared  ex- 
ceptionally, much  before  the  usual  period.  Gtenerally,  at  the 
age  of  forty  or  forty-five,  the  menstrual  flow  becomes  irregu- 
lar ;  it  occasionally  loses  its  sanguineous  character,  and  it  usu- 
ally ceases  at  about  the  age  of  fifty  years.  Sometimes  it  is 
said  that  the  metises  return,  with  a  second  period  of  fecundity, 
though  this  is  rare."  According  to  most  writers,  while  climate 
has  a  certain  influence  over  the  time  of  cessation  as  well  as 
the  first  appearance  of  the  menses,  this  is  not  very  marked. 
When  the  menses  appear  early  in  life,  they  usually  cease  at  a 
correspondingly  early  period ;  but  this  is  by  no  means  con- 
stant. There  are,  also,  numerous  exceptions  to  the  ordinary 
limits  to  the  period  of  fecundity.  Haller  observed  a  case  of 
a  young  girl,  nine  years  of  age,  who  had  menstruated  for  sev- 
eral years,  and  others,  who  had  become  pregnant  at  nine,  ten, 
and  twelve  years.  He  also  quotes  cases  of  women  who  have 
been  fruitful  at  from  fifty-four  to  seventy  years  of  age.8 
Other  instances  of  this  kind  are  on  record,*  which  it  is  un- 

1  For  an  account  of  the  changes  in  the  mammary  glands  at  puberty,  see  vol. 
iii.,  Secretion,  p.  75. 

9  Cases  of  this  kind  were  noted  by  Haller.  (Elementa  Physiologies,  Berne, 
1765,  tomus  rii.,  pars  ii.,  p.  141.) 

8  Haller,  op.  cit.,  pp.  189,  142. 

4  In  a  recent  publication,  several  interesting  examples  are  given  of  early  men- 
struation and  conception.    (Harris,  Early  Pregnancy, — American,  Journal  of 
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necessary  to  quote.    The  occurrence  of  pregnancy  after  the 
age  of  fifty  or  fifty-five  is  certainly  doubtful. 

Menstruation. 

It  is  unnecessary  to  discuss  farther  the  correspondence 
between  menstruation  in  the  human  female  and  the  condi- 
tion  of  heat  in  the  lower  animals,  as  we  have  already  seen, 
under  the  head  of  ovulation,  that  these  two  conditions  are 
essentially  identical.  In  the  lower  animals,  the  female  will 
admit  the  male  only  at  the  period  of  heat ;  and  in  some  ani- 
mals in  the  savage  state,  it  is  only  at  this  time  that  the  male 
is  capable  of  copulation.  The  variations  in  sexual  tempera- 
ment in  the  human  female  are  so  considerable,  and  the  senti- 
ments toward  the  opposite  sex  are  so  subordinate  to  artificial 
conditions  of  society  and  civilization,  that  it  is  difficult  to  es- 
tablish a  parallel,  in  this  regard,  between  her  and  the  lower 

.animals.  Some  females  rarely  or  never  experience  sexual 
excitement  and  have  no  orgasm  during  intercourse;  while 
others  are  capable  of  sexual  ardor  at  any  time.  Women  who 
are  in  the  habit  of  promiscuous  relations  with  the  other  sex 
frequently  lose  the  sexual  feeling  and  simulate  excitement 
during  coitus.  It  is  very  difficult,  indeed,  to  say  positively 
how  far  the  facts  observed  in  the  lower  animals  are  appli- 
cable to  the  human  subject,  as  we  must  depend  largely  upon 
statements  which,  of  themselves,  are  entitled  to  but  little  con- 
sideration. It  is  nevertheless  true  that,  in  some  women,  sex- 
ual desire  is  decidedly  marked  just  after  the  cessation  of  the 
menses,  and  in  many,  it  really  exists  at  no  other  time.  Still, 
mercenary  or  other  considerations  may  induce  women  to  ad- 
mit intercourse  at  any  time,  and  the  sexual  orgasm,  and  even 

\  f ecundation,.  may  at  any  time  occur.  As  a  rule,  the  female 
yields  to  advances  made  by  the  male,  and  is  reputed  to  expe- 
rience a  less  degree  of  sexual  desire  and  ardor,  though  this  has 
marked  exceptions.    It  is  probably  true  that,  eliminating,  as 

Obletrics,  New  York,  1874,  vol.  vi.,  p.  571,  et  +eq. ;  and,  Transactions  of  the 
Philadelphia  OUtetrical  Society.— Ibid.,  p.  637,  et  aeq.) 
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far  as  we  can,  all  considerations  except  those  of  a  purely  sex- 
ual character,  there  is  less  of  a  promiscuous  feeling  for  the 
opposite  sex  in  females  than  in  males,  and  that  sexual  desire, 
aside  from  feelings  of  fatigue  or  satiety,  is  sometimes  mark- 
edly periodical  in  women.  If  we  may  take  certain  indi- 
vidual cases  as  representing  physiological  conditions,  it  ap- 
pears that,  in  some  women,  there  is  a  period  of  comparative 
indifference  to  the  opposite  sex;  as  the  menses  approach, 
there  is  more  or  less  irritability  of  temper  and  disinclination 
for  society,  which  disappear  as  the  flow  is  established ;  and 
at  or  following  the  cessation  of  the  menses,  sexual  desire  is 
manifested  to  an  unusual  degree,  this  continuing  for  only  a 
few  days. 

Although  there  is  a  periodical  condition  of  heat  in  the 
lower  animals,  connected  with  ovulation,  a  sanguineous  dis- 
charge from  the  genital  organs  is  not  often  observed.  It  is 
only  in  monkeys  that  we  have  a  counterpart  of  what  occurs 
in  the  human  female ;  and  observations  upon  these  animals 
have  shown  that  they  are  subject  to  a  monthly  discharge  of 
blood,  at  this  time  giving  evidence  of  unusual  salacity.1 

In  the  human  female,  near  the  time  of  puberty,  there  is 
sometimes  a  periodical  sero-mucous  discharge  from  the  geni- 
tal organs,  preceding,  for  a  few  months,  the  regular  estab- 
lishment of  the  menstrual  flow*  Sometimes,  also,  after  the 
first  discharge  of  blood,  the  female  passes  several  months 
without  another  period,  when  the  second  flow  takes  place,  and 
the  menses  then  become  regular.  In  a  condition  of  health, 
the  periods  recur  every  month,  until  they  cease,  at  what  is 
termed  the  change  of  life.  In  the  majority  of  cases,  the 
flow  recurs  on  the  twenty-seventh  or  the  twenty-eighth  day ; 
but  sometimes  the  interval  is  thirty  days.  As  a  rule,  also, 
utero-gestation,  lactation,  and  most  severe  diseases,  acute 
and  chronic,  suspend  the  periods;  but  this  has  exceptions, 
as  some  females  menstruate  regularly  during  pregnancy,  and 

1  Longbt,  TraiU  de  phyMogie,  Paris,  1869,  tome  iii,  p.  765 ;  Com,  2)4» 
vdoppemeni  det  corps  organith,  Paris,  1847,  tome  L,  pp.  188,  228. 
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it  is  not  very  uncommon  for  the  menses  to  appear  during 
lactation. 

As  we  should  naturally  expect,  from  the  connection  be- 
tween menstruation  and  ovulation,  removal  of  the  ovaries, 
especially  when  this  occurs  before  the  age  of  puberty ,  usually 
produces  arrest  of  the  menses.  It  is  a  well-known  fact  that 
animals  do  not  present  the  phenomena  of  heat  after  extirpa- 
tion of  the  ovaries.  Eaciborski  has  quoted  cases  of  this  op- 
eration in  the  human  subject,  in  which  the  menses  were  ar- 
rested ; 1  but  this  rule  does  not  appear  to  be  absolute,  as  Dr. 
H.  K.  Storer  reports  at  least  one  case,  in  which  menstruation 
continued  with  regularity  for  more  than  a  year  after  removal 
of  both  ovaries.*  When  a  cow  brings  forth  twins,  one  a 
male  and  the  other  apparently  a  female,  the  latter  is  called  a 
free-martin,  and  generally  has  no  ovaries.  Hunter,  in  his 
paper  on  the  free-martin,  gives  a  full  description  of  this 
anomalous  animal,  and  states  that  it  does  not  breed  or  show 
any  inclination  for  the  bull.3  In  1868,  we  had  an  opportu- 
nity of  examining  the  generative  organs  of  a  free-martin. 

1  Raciborski,  De  lapuberte",  Paris,  1844,  p.  100. 

*  Storer,  De  la  menstruation  sans  waives. — Archives  de  physiologie,  .Paris, . 
1868,  tome  L,  p.  876.    Other  cases  of  this  kind  are  on  record. 

As  these  pages  are  going  through  the  press,  we  have  received,  from  Prof.  T. 
G.  Thomas,  the  following  very  interesting  account  of  five  operations  in  which 
both  ovaries  were  removed : 

"  In  reply  to  your  note  of  to-day,  I  would  state  that  I  have  extirpated  both, 
ovaries  in  menstruating  women  five  times,  with  the  following  results : 

"  Case  1. — (Heard  from  two  years  and  eleven  months  after  the  operation*) 
No  symptoms  of  menstruation. 

"  Case  2.— (Heard  from  two  and  a  half  years  after  the  operation.)  No  syinp» 
toms  whatever  of  menstruation. 

"  Case  8.— (Not  heard  from.) 

"  Case  4.—- (Heard  from  nearly  six  months  after  the  operation.)  Up  to  the 
present  time  this  patient  has  manifested  no  symptoms  whatever  of  menstrua- 
tion, but  now  Btates  that  she  has  a  bloody  discharge  from  the  vagina  and  all  the 
symptoms  accompanying  the  menstrual  function. 

"  Case  5. — (Heard  from  five  and  a  half  months  after  the  operation).  No 
symptoms  whatever  of  menstruation." 

*  Hunter,  Account  of  the  Free  Martin. — Observations  on  certain  Ptois^of  the 
Animal  (Economy,  London,  1792,  p.  60. 
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raised  and  killed  by  Prof.  James  It.  Wood.    In  this  animal, 
the  uterus  was  rudimentary  and  there  were  no  ovaries. 

A  menstrual  period  usually  presents  three  stages :  first, 
invasion ;  second,  a  sanguineous  discharge ;  third,  cessation. 

The  stage  of  invasion  is  variable  in  different  females. 
There  is  usually,  anterior  to  the  establishment  of  the  flow, 
more  or  less  of  a  feeling  of  general  malaise,  a  sense  of  ful- 
ness and  weight*  in  the  pelvic  organs,  accompanied  with  a 
greater  or  less  increase  in  the  quantity  of  vaginal  mucus, 
which  becomes  brownish  or  rusty  in  color.  It  is  probable 
that,  at  this  time,  the  discharge  has  a  peculiar  odor,  though 
this  point  is  somewhat  difficult  to  determine.  In  the  lower 
animals,  at  least,  there  is  certainly  a  characteristic  odor  during 
the  rutting  period,  which  attracts  the  male.  At  this  time, 
aflso,  the  breasts  become  slightly  enlarged,  showing  the  con- ' 
nection  between  these  organs  and  the  organs  of  generation. 
This  stage  may  continue  for  one  or  two  days,  although,  in 
many  instances,  the  first  evidence  of  the  access  of  a  period  is 
a  discharge  of  blood. 

When  the  general  symptoms  above  indicated  occur,  the 
sense  of  uneasiness  is  usually  relieved  by  the  discharge  of 
blood.  During  this,  the  second  stage,  blood  flows  from  the 
vagina  in  variable  quantity,  and  the  discharge  continues  for 
from  three  to  five  days.  With  regard  to  the  duration  of  the 
flow,  there  are  great  variations  in  different  individuals. 
Some  women  present  a  flow  of  blood  for  only  one  or  two 
days ;  while,  in  others,  the  flow  continues  for  from  five  to 
eight  days,  within  the  limits  of  health.  A  fair  average,  per- 
haps, is  four  days.1  It  is  also  difficult  to  arrive  at  an  approx- 
imation, even,  of  the  total  quantity  of  the  menstrual  flow. 
Burdach  estimated  it  at  from  five  to  six  ounces.*    According 

1  Burdach  makes  the  following  statement  with  regard  to  certain  conditions 
capable  of  modifying  the  menstrual  flow :  "  The  flow  is  more  abundant  in  the 
indolent  than  in  women  accustomed  to  labor ;  in  those  of  feeble  constitution 
than  in  those  who  enjoy  robust  heath ;  in  inhabitants  of  cities  than  in  inhabitants 
of  villages."    (Trait*  de phytwlogU,  Paris,  188?,  tome i,  p.  283.) 

'  Burdach,  op.  cit.9  p.  286. 
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to  Longet,  this  estimate  is  rather  low,  the  quantity  ordinarily 
ranging  from  ten  to  twelves  ounces,  occasionally  amounting 
to  seventeen  ounces,  or  even  more.1  It  is  well  known  that 
the  quantity  is  exceedingly  variable,  as  is  the  duration  of  the 
flow,  and  the  difficulties  in  the  way  of  collecting  and  estima- 
ting the  total  discharge  are  evident. 

The  characters  of  the  menstrual  flow  are  sufficiently  sim- 
ple. Supposing  the  discharge  to  continue  for  four  days,  on  the  ' 
.  first  day,  the  quantity  is  comparatively  small ;  on  the  second 
and  third, the  flow  is  at  its  height;  and  the  quantity  is  dimin- 
ished on  the  fourth  day.  During  this  stage,  the  fluid  has  the 
appearance  of  pure  arterial  blood,  not  coagulated,  and  mixed, 
as  has  been  shown  by  microscopical  examination,  with  pave- 
Mt^Hb.  1 Ji  «.  ^L,  cjltadricd  JL  ftj  ft. 
uterus,  leucocytes,  and  a  certain  amount  of  sero-mucous  se- 
cretion. Chemical  examination  of  the  fluid  does  not  show 
any  marked  peculiarities,  except  that  the  quantity  of  fibrin  is 
either  not  estimated  or  is  given  as  much  less  than  in  ordinary 
blood.' 

The  mechanism  of  the  haemorrhage,  which  will  be  con- 
sidered more  fully  when  we  cctoe  to  study  the  changes  in 
the  uterine  mucous  membrane  during  menstruation,  is  prob- 
ably the  same  as  in  epistaxis.  There  is  a  rupture  of  small 
blood-vessels,  probably  capillaries,  and  blood  is  thus  ex- 
uded from  the  entire  surface  of  the  membrane  lining  the 
uterus,  and  sometimes  from  the  membrane  of  the  Fallopian 
tubes.  The  blood  is  then  discharged  into  the  vagina  and  is 
kept  fluid  by  the  vaginal  mucus.  The  mucus  of  the  body  of 
the  uterus  is  viscid  and  alkaline ;  the  mucus  secreted  at  the 
neck  is  gelatinous,  viscid,  tenacious,  and  also  alkaline ;  the 

1  Longet,  Traiti  de  physiolopie,  Paris,  1869,  tome  Hi.,  p.  772. 

1  Several  analyses  of  the  menstrual  flnid,  taken  from  the  older  writers, 
are  given  by  Simon.  (Animal  Chemistry,  Philadelphia,  1846,  p.  274.)  Accord- 
ing to  more  recent  observations,  the  menstrual  blood  is  only  apparently  deficient 
in  fibrin,  because  coagulation  is  prevented  by  admixture  with  vaginal  mucus. 
(GoRCP-BssAiraz,  Lehrbuch  der  physiologischen  Chemie,  Braunschweig,  1862,  S. 
833.) 
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vaginal  mucus  is  decidedly  acid,  creamy,  and  not  viscid,  con- 
taining numerous  cells  of  scaly  epithelium,  and  leucocytes. 

The  third  stage,  that  of  cessation  of  the  menses,  is  very 
simple.  During  the  latter  part  of  the  second  stage,  the  flow 
of  blood  gradually  diminishes ;  the  discharge  becomes  rusty, 
then  lighter  in  color;  and,  in  the  course  of  about  twenty-four 
hours,  it  assumes  the  characters  observed  in  the  intermen- 
strual period. 

When  the  menstrual  flow  has  been  established,  there  is  no 
very  marked  general  disturbance,  except  a  sense  of  lassitude, 
which  may  become  exaggerated  if  the  discharge  be  unusu- 
ally abundant.  It  has  been  noted,  however,  by  Rabuteau, 
that,  during  the  menstrual  period,  the  production  of  urea  is 
diminished  more  than  twenty  per  cent.,  that  the  pulse  be- 
comes slower,  and  that  the  temperature  falls  at  least  one  de- 
gree (half  a  degree,  centigrade).1 

Changes  m  the  Uterine  Mucous  Membrane  during  Men- 
struation. — If  the  mucous  membrane  of  the  uterus  be  ex- 
amined during  the  menstrual  flow,  it  is  found  smeared  with 
blood,  which  sometimes  extends  into  the  Fallopian  tubes. 
It  is  then  much  thicker  and  softer  than  during  the  intermen- 
strual period.  Instead  of  measuring  about  -fa  of  an  inch  in 
thickness,  as  it  does  under  ordinary  conditions,  its  thickness 
is  from  -J  to  J  of  an  inch.  It  becomes  more  loosely  attached 
to  the  subjacent  parts,  is  somewhat  rugous,  and  the  glands 
are  very  much  enlarged.  At  the  same  time,  there  are  devel- 
oped, in  the  substance  of  the  membrane,  numerous  spherical 
and  fusiform  cells.*  According  to  the  recent  and  very  strik- 
ing researches  of  Kundrat  and  Engelmann,  this  condition 
probably  precedes  the  discharge  of  blood  by  several  days ; 
during  which  time,  the  membrane  is  gradually  preparing  for 
the  reception  of  the  ovum.  One  of  the  most  important  points 
in  these  researches  is  that  there  is  a  fatty  degeneration  of  the 

1  Rabuteau,  De  V influence  de  la  menstruation  sur  la  nutrition. — Gazette  hebV* 
domadaire,  Paris,  1870,  2me  s6rie,  tome  vii.,  p.  402.  \ 

1  Kolliker,  £lement*  <T  histologic  humaine,  Paris,  1808,  p.  726. 
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different  elements  entering  into  the  structure  of  the  mucous 
membrane,  including  the  blood-vessels,  this  change  being 
most  marked  at  the  surface;  and  it  is  on  account  of  the 
weakened  condition  of  the  vascular  walls  that  the  hemor- 
rhage takes  place.  A  short  time  after  the  flow  has  ceased, 
the  mucous  membrane  returns  to  its  ordinary  condition.1 

We  have  already  noted  that  there  is  a  considerable  des- 
quamation of  epithelium  from  the  uterus  with  the  flow  of 
blood,  during  the  menstrual  period.  Sometimes,  in  normal 
menstruation,  the  epithelium  is  in  the  form  of  patches ;  and, 
in  certain  cases  of  dysmenorrhea,  there  is  a  membranous  ex- 
foliation, which  has  led  to  the  idea  that  the  mucous  mem-  * 
brane  is  actually  thrown  off.  In  normal  menstruation,  there 
is  no  true  exfoliation  of  the  membrane,  and,  even  in  what  is 
called  membranous  dysmenorrhea,  the  so-called  membrane  is 
usually  nothing  more  than  a  membranif  orm  exudation,  se- 
creted by  the  mucous  surface. 

Changes  m  the  Graafian,  FcZMdee  after  their  Ruptwre 
{Corpus  Luteum). — After  the  discharge  of  an  ovum,  the 
Graafian  follicle  undergoes  certain  retrograde  changes,  in- 
volving  the  formation  of  what  is  called  the  corpus  luteum. 
Even  when  the  discharged  ovum  has  not  been  fecundated, 
the  corpus  luteum  persists  for  several  weeks,  so  that,  ovula- 
tion occurring  every  month,  several  of  these  bodies,  in  various 
stages  of  retrogression,  may  sometimes  be  seen  in  the  ovaries. 
Corpora  lutea  were  observed  by  some  of  the  earliest  writers 
upon  anatomy ;  but  the  first  description  presenting  any  ap- 

1  Kukdrat  mn>  Engilmank,  UnUrtuchvmgm  tiber  die  Uleruischleimhcnst. — 
Mtdicinuche  Jahrbucker,  Wien,  1878,  a  185,  et  $eq. 

The  researches  embodied  in  the  above  paper  are  of  great  importance  in  their 
bearing  upon  the  physiology  of  menstruation,  the  preparation  of  the  mucous 
membrane  of  the  uterus  for  the  reception  of  the  fecundated  ovum,  and  calcula- 
tions of  the  duration  of  pregnancy.  From  the  facts  and  arguments  brought  for- 
ward, there  can  be  Bcarcely  a  doubt  that  the  flow  of  blood  is  mainly  due  to  fatty 
degeneration  of  the  most  superficial  portion  of  the  mucous  membrane.  The 
points  in  these  observations  which  relate  to  the  question  of  the  preparation  of 
the  uterus  for  the  reception  of  the  ovum  will  be  considered  hereafter.         ' 
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proach  to  accuracy  was  given  by  De  Graaf  .*  After  De  Graaf, 
Malpighi  described  these  bodies,  and  was  the  first  to  apply  to 
them  the  name  of  corpora  lutea.'  The  older  writers,  how- 
ever, had  no  very  clear  ideas  regarding  the  formation  of  the 
corpora  lutea,  and  it  is  only  since  we  have  become  familiar 
with  the  mechanism  of  ovulation,  that  we  have  been  able  to 
comprehend  their  physiological  significance. 

For  a  certain  time  anterior  to  the  discharge  of  the  ovum, 
there  is  a  cell-growth  from  the  proper  coat  of  the  Graafian 
follicle,  and  probably  from  the  membrana  granulosa,  with  a 
projection  of  looped  blood-vessels  into  the  interior  of  the  fol- 
licle, which  is  the  first  formation  of  the  corpus  luteum.  At 
the  time  of  rupture  of  the  follicle,  the  ovum,  with  a  great 
part  of  the  membrana  granulosa,  is  discharged.  Sometimes, 
at  the  time  of  rupture  of  the  follicle,  there  is  a  discharge  of 
blood  into  its  interior ;  but  this  is  not  constant,  though  we 
usually  have  a  gelatinous  exudation,  more  or  less  colored  with 
blood.  At  the  same  time,  the  follicular  wall  undergoes  hy- 
pertrophy, becomes  convoluted,  or  folded,  and  highly  vascu- 
lar. This  convoluted  wall,  formed  by  the  proper  coat  of  the 
follicle,  is  surrounded  by  the  fibrous  tunic,  and  its  thickening 
is  most  marked  at  the  deepest  portion  of  the  follicle.  At 
the  end  of  about  three  weeks,  the  body,  which  is  now  called 
the  corpus  luteum,  on  account  of  its  yellowish  or  reddish- 
yellow  color,  has  arrived  at  the  height  of  its  development, 
and  measures  about  half  an  inch  in  depth  by  about  three- 
quarters  of  an  inch  in  length,  its  form  being  ovoid.3  The 
convoluted  wall  then  contains  a  layer  of  large,  pale,  finely- 
granular  cells,  which  are  internal,  and  are  supposed  to  be 
the  remains  of  the  epithelium  of  the  follicle.  The  great 
mass  of  this  wall,  however,  is  composed  of  large  nucleated 
cells,  containing  fatty  globules  and  granules  of  reddish  or 

1  Di  Graaj,  De  Midierum  Orgasm  Generation*  intervientibw,  Lugd.  Batav., 
1672,  p.  178. 

*  Malpighius,  Opera  omnia,  Lond.,  1687,  tomus  L,  Appendix,  1686,  pp.  80, 81. 
8  Dalton,  Human  Physiology,  Philadelphia,  1871,  p.  598. 
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yellowish  pigmentary  matter.  The  thickness  of  the  wall  is 
about  one-eighth  of  an  inch,  at  its  deepest  portion. 

After  about  the  third  week,  the  corpus  luteum  begins  to 
retract ;  its  central  portion  and  the  convoluted  wall  become 
paler,  and,  at  the  end  of  seven  or  eight  weeks,  a  small  cica- 
trix marks  the  point  of  rupture  of  the  follicle. 

The  above  are  the  changes  which  occur  in  the  Graafian! 
follicles  after  their  rupture  and  the  discharge  of  ova,  when 
the  ova  have  not  been  fecundated;  and  the  bodies  thus- 
produced  are  called  false  corpora  lutea,  as  distinguished  from 
corpora  lutea  found  after  conception,  which  are*  called  true' 
corpora  lutea. 

Carpus  Luteum  of  Pregnwncy. — Bef ore  the  process  of 
spontanea  ovulation  and  its  connection  with  menstruation 
were  understood,  anatomists  were  unable  to  make  a  definite 
distinction  between  the  corpus  luteum  following  the  dis- 
charge of  an  ovum  without  fecundation,  called  the  corpus 
luteum  of  menstruation,  and  the  corpus  luteum  of  preg- 
nancy. Huschke,  however,  as  early  as  1845,  recognized  the 
distinction  between  the  false  and  the  true  corpora  lutea.  He 
states  that,  "  after  fecundation  they  develop  in  a  more  rapid 
manner,  and  assume  the  form  of  true  corpora  lutea ; "  and 
farther,  he  says  that  "  corpora  lutea  are  also  produced,  with- 
out fecundation,  to  which  the  name  false  has  been  given."  * 
Notwithstanding  that  the  so-called  true  and  false  corpora 
lutea  seem  to  have  been  well  recognized,  even  by  writers  an- 
terior to  Huschke,'  it  remained  for  Coste  to  exactly  describe 
the  various  points  of  distinction  between  them ;  and  his  ac- 
count of  the  differences  in  the  development  of  these  bodies,  de- 
pendent upon  the  non-fecundation  or  the  fecundation  of  the 

1  Huschke,  Traitk  de  spUnchnologie.—Encyclopidie  anatomique,  Paris,  1846, 
tome  v.,  p.  427. 

*  Bischoff,  as  well  as  other  writers  of  his  time,  frequently  referred  to  true 
and  false  corpora  lutea.  (Observations  sur  le  d&tachement  et  la  fkondation  de 
Vcsuf  humain  el  da  ceufs  de*  mammi/eres. — Annates  dee  sciences  natureUes,  Zoo- 
logie,  Paris,  1848,  seconde  serie,  tome  xx.,  p.  98,  et  $eq.) 
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ovum,  is  still  regarded  as  entirely  accurate,  and  answers  the 
requirements  of  science  at  the  present  day,  even  in  its 
medico-legal  aspects,  as  well  as  in  1847,  when  his  observations 
were  published.1 

When  a  discharged  ovum  has  been  fecundated,  the  corpus 
luteum  passes  through  its  various  stages  of  development  and 
retrogression  much  more  slowly  than  the  ordinary  corpus  lu- 
teum of  menstruation.  It  is  then  called,  to  distinguish  it 
from  the  latter,  the  true  corpus  luteum.  We  cannot  do  bet- 
ter than  to  quote,  in  the  words  of  Coste,  the  description  of 
the  changes  which  this  body  undergoes  in  pregnancy : 

"  I  have  followed,  with  the  greatest  care,  in.  the  pregnant 
female,  all  the  phases  of  this  retrogression.  This  commences 
to  be  really  appreciable  toward  the  end  of  the  third  month. 
During  the  fourth  month,  the  corpus  luteum  diminishes  by 
nearly  a  third,  and  toward  the  end  of  the  fifth,  it  is  ordinarily 
reduced  one-half.  It  still  forms,  however,  during  the  first 
days  after  parturition,  and  in  the  greatest  number  of  cases,  a 
tubercle  which  has  a  diameter  of  not  less  than  from  ^  to  J  of 
an  inch.  The  tubercle  afterward  diminishes  quite  rapidly ; 
but  it  is  nearly  a  month  before  it  is  reduced  to  the  condition 
of  a  little,  hardened  nucleus,  which  persists  more  or  less  as 
the  last  vestige  of  a  process  so  slow  in  arriving  at  its  final 
term.  Nevertheless,  there  is  nothing  absolute  in  the  retro- 
grade progress  of  this  phenomenon.  I  have  seen  women,  dead 
at  the  sixth  and  even  the  eighth  month  of  pregnancy,  present 
corpora  lutea  as  voluminous  as  others  at  the  fourth  month. 

"  Though  it  may  not  be,  in  general,  that,  after  parturition, 

1  Dr.  Robert  Knox  published,  in  1844,  a  table  of  measurements  of  the  corpus 
luteum  at  various  stages  of  gestation,  two  of  the  observations  being  his  own,  and 
the  others,  taken  from  different  authors.  Dr.  Knox  mentioned  true  and  false 
corpora  lutea,  but  evidently  had  no  distinct  idea  of  their  differences.  His  article 
seems  to  be  intended  to  show  that  the  paper  on  the  same  subject,  by  Sir  Everard 
Home,  was  composed  of  inexact  statements  borrowed  from  tho  unpublished 
writingB  of  John  Hunter.  (Knox,  Contributions  to  Anatomy  and  Physiology. 
On  the  Corput  Luteum, — The  London  Medical  Gazette,  1844,  New  Series,  vol  L, 
p.  605.) 
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the  corpora  lutea  disappear,  it  is  nevertheless  not  without  ex- 
amples that  they  disappear  much  more  promptly.  1  have 
had  the  opportunity  of  examining  the  body  of  a  woman,  dead 
in  the  course  of  the  eighth  month  of  pregnancy,  in  whom 
the  absorption  was  already  complete.  Facts  of  this  kind  are 
doubtless  very  rare,  as  only  one  has  occurred  in  my  observa- 
Onus  notwtthstanding  the  numerous  researches  to  which  I 
have  devoted  myself  for  a  long  time.  .  .  . 

"  There  exists  a  notable  difference  between  the  corpora 
lutea  which  are  formed  as 'the  sequence  of  conception,  and 
those  which  occur  aside  from  the  conditions  developed  by  im- 
pregnation. The  duration  of  the  former  is  much  longer  than 
that  of  the  latter,  and  the  volume  becomes,  also,  much  more 
considerable,  although  their  nature  is,  in  truth,  identical.  I 
have  too  often  had  occasion  to  remark  this,  in  the  ovaries  of 
suicides,  to  retain  the  slightest  doubt  in  this  regard."  * 
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OBSERVATIONS. 


It  Is  ram  that  a  corpus  lu- 
tonm  assumes  a  spherical  form, 
and  that,  whatever  be  the  sec- 
tion, its  diameters  are  equal  or 
nearly  so.  It  generally  under- 
goes, In  Its  development,  a  sort 
of  compression  In  the  same  way 
as  does  the  ovary.  Here,  only 
the  long  and  the  short  diame- 
ters, taken  from  a  section  of 
the  corpora  lutea,  have  been 
measured,  the  ovary  being"  di- 
vided longitudinally,  and,  as  it 
is,  generally  figured  in  the 
plates  of  the  atlas. 


Double  gestation. 
Double  gestation. 


The  preceding  table,  also  quoted  from  Coste  (op.  cit.,  p. 
256),  shows  the  different  stages  of  the  corpus  lutenm  of  preg- 


1  Coste,  Dfa&oppement  dm  oorp$  organist*,  Paris,  1847,  tome  i.,  pp.  254,  257. 
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nancy.  It  will  be  remembered  that  the  corpus  luteum  of  men- 
struation is  at  its  maximum  of  development  at  the  end  of 
about  three  weeks,  when  it  measures  half  an  inch  in  depth  by 
three-quarters  of  an  inch  in  length ;  that  it  then  begins  to 
retract,  and  becomes  a  small  cicatrix  at  the  end  of  seven  or 
eight  weeks. 

In  1851,  Dr.  J.  C.  Dalton  published  an  essay  on  the 
"  Corpus  Luteum  of  Menstruation  and  Pregnancy,"  in  which 
he  pointed  out  very  accurately  the  different  points  of  distinc- 
tion between  what  had  been  known  as  the  false  and  the  true 
corpora  lutea.  These  observations  it  is  unnecessary  to  quote 
in  detail,  as  the  results  were  almost  identical  with  those  ob- 
tained by  -Coste ;  but  they  are  peculiarly  interesting,  not  only 
from  the  accuracy  of  the  descriptions,  but  as  they  were  made 
independently,  and  without  any  knowledge  of  the  publication 
by  Coste,  four  years  before.1 

1  Dalton,  Prize  Essay  on  the  Corpus  Luteum  of  Menstruation  and  Pregnancy. 
—Transactions  of  the  American  Medical  Association,  Philadelphia,  1851,  vol  iv., 
p.  647,  et  seg. 

In  a  note  appended  to  this  essay,  Dr.  Dalton  refers  to  Longet's  Physiology 
(Paris,  1860),  in  which  the  distinction  between  the  two  varieties  of  corpora  lutea 
is  made ;  but  his  own  investigations,  which  are  remarkable  for  their  complete- 
ness and  accuracy,  were  made  independently  and  without  any  knowledge  of  the 
observations  by  Coste.  Dr.  Dalton's  researches  on  this  subject  have  been  exten- 
sively quoted,  have  done  much  to  settle  the  important  question  of  the  exact  dis- 
tinctions between  the  corpora  lutea  of  menstruation  and  of  pregnancy,  and  at 
once  established  his  reputation  as  an  accurate  and  trustworthy  observer.  The 
views  of  Coste  were  then  almost  unknown  in  this  country. 


CHAPTER  XHL 

MALE  OBGAX8  AND  ELEMENTS  OF  GENERATION. 

The  testicles— Tunica  vaginalis — Tunica  albuginea — Tunica  vasculosa — Seminif- 
erouB  tubes— Epididymis — Vas  deferens — Vesicate  geminates— Prostate- 
Glands  of  the  urethra — Semen — Secretions  mixed  with  the  products  of  the 
testicles — Spermatozoidfl — Development  of  the  spermatozoids — Seminal  fluid 
in  advanced  age. 

These  is  not  the  same  physiological  interest  attached  to 
the  anatomical  study  of  the  male  genitalia,  particularly  the  ex- 
ternal organs,  as  there  is  to  the  corresponding  parts  in  the  fe- 
male, for  the  reason  that  the  function  of  the  spermatozoids  is 
accomplished  within  the  female  organs,  where  they  unite  with 
the  ovum  and  where  the  processes  of  development  take  place. 
The  anatomy  of  the  penis  and  urethra  has  a  more  exclusively 
surgical  interest.  As  physiologists,  we  have  to  study  the  tes- 
ticles, organs  which  correspond  to  the  ovaries,  and  in  which 
the  male  generative  element  is  developed,  the  various  glan- 
dular structures  which  secrete  fluids  forming  a  part  of  the 
ejaculated  semen,  the  mechanism  of  erection,  by  which  pene- 
tration of  the  male  organ  into  the  vagina  is  rendered  possible, 
the  composition  of  the  seminal  fluid  and  the  mechanism  of 
its  ejaculation,  and  the  course  of  the  semen  in  the  generative 
passages  of  the  female,  until  it  is  brought  in  contact  with 
and  fecundates  the  ovum.  As  regards  the  penis,  it  will  be 
sufficient  to  describe,  as  we  shall  under  the  head  of  coitus, 
the  mechanism  of  erection  and  of  the  ejaculation  of  semen. 
It  will  be  necessary,  however,  to  study  the  structure  of  the 
testicles  and  of  the  various  glandular  organs  connected  with 
the  urethra,  in  order  to  understand  the  development  of  the 
spermatozoids  and  the  composition  of  the  seminal  fluid. 
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TheTestidea. 

The  testifies  are  two  symmetrical  organs,  situated,  during 
a  certain  portion  of  intra-nterine  life,  in  the  abdominal  cav- 
ity, but  finally  descending  into  the  scrotum.  Within  the 
scrotum,  which  is  a  pouch-like  process  of  integument,  are  the 
two  testicles,  with  their  coverings,  vessels,  nerves,  etc.  The 
skin  of  the  scrotum  encloses  both  testicles,  but  is  marked  by 
a  median  raphe.  Immediately  beneath  the  skin,  is  a  loose^ 
reddish,  contractile  tissue,  called  the  dartos,  which  forms  two 
distinct  sacs,  one  enveloping  each  testicle,  the  inner  portion 
of  these  sacs  fusing  in  the  median  line,  to  form  the  septum. 
Within  these  two  sacs,  the  coverings  of  each  testicle  are  dis- 
tinct. These  organs  are,  as  it  were,  suspended  in  the  scro- 
tum by  the  spermatic  cords,  the  left  usually  hanging  a  little 
lower  than  the  right.  The  coverings  for  each  testicle,  in  ad- 
dition to  those  just  mentioned,  are  the  intercolumnar  fascia, 
the  cremaster  muscle,  the  inf undibulif orm  fascia,  the  tunica 
vaginalis,  and  the  proper  fibrous  coat 

The  tunica  vaginalis  is  a  shut  sac  of  serous  membrane, 
covering  the  testicle  and  epididymis,  and  reflected  from  the 
posterior  border  of  the  testicle  to  the  wall  of  the  scrotum, 
lining  the  cavity  occupied  by  the  testicle  on  either  side,  and 
also  extending  over  the  spermatic  cord.  This  tunic  is  really  a 
process  of  peritoneum,  which  has  become  shut  off  from  the 
general  lining  of  the  abdominal  cavity.  The  spermatic  cord 
is  composed  of  the  vas  deferens,  blood-vessels,  lymphatics,  and 
nerves,  with  the  various  coverings  already  described,  which 
expand  and  surround  the  testicle. 

Beneath  the  tunica  vaginalis,  are  the  testicles,  with  their 
proper  fibrous  coat.  These  organs  are  ovoid,  and  flattened 
laterally  and  posteriorly.  "They  are  from  an  inch  and  a 
half  to  two  inches  long,  about  an  inch  and  a  quarter  from 
the  anterior  to  the  posterior  border,  and  nearly  an  inch  from 
side  to  side.  The  weight  of  each  varies  from  three-quarters 
of  an  ounce  to  an  ounce,  and  the  left  is  often  a  little  the 
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larger  of  the  two." '  The  proper  fibrous  coat  is  everywhere 
covered  by  the  closely-adherent  tunica  vaginalis,  except  at 
the  posterior  border,  where  the  vessels  enter  and  the  duct 
passes  out.  At  the  outer  edge  of  this  border,  is  the  epididy- 
mis, formed  of  convoluted  tubes,  presenting  a  superior  en- 
largement, called  the  globus  major,  a  long  mass  running  the 
length  of  the  testicle,  called  the  body,  and  a  smaller  enlarge- 
ment inferiorly,  called  the  globus  minor.  This,  too,  is  cov- 
ered with  the  tunica  vaginalis.  Between  the  membrane  cov- 
ering the  testicle  and  epididymis  and  the  layer  lining  the 
'  scrotal  cavity,  is  a  small  quantity  of  serum,  just  enough  to 
moisten  the  serous  surfaces.  At  the  superior  portion  of  the 
testicle,  we  usually  find  one  or  more  small,  ovoid  bodies,  at- 
tached to  the  testicle  by  short,  constricted  processes,  which 
are  called  the  hydatids  of  Morgagni.  These  have  no  physio- 
logical importance,  and  are  supposed  to  be  the  remains  of 
foetal  structures. 

The  proper  fibrous  coat  of  the  testicle  is  called  the  tunica 
albuginea.  It  is  white,  dense,  inelastic,  measures  about  ^ 
of  an  inch  in  thickness,  and  is  simply  for  the  protection  of 
the  contained  structures.  Sections  of  the  testicle,  made  in 
various  directions,  show  an  incomplete  vertical  process  of  the 
tunica  albuginea,  called  the  corpus  Highmorianum,  or  the  me- 
diastinum testis.  This  is  wedge-shaped,  about  -J-  of  an  inch 
wide  at  its  superior  and  thickest  portion,  is  pierced  by  nu- 
merous openings,  and  lodges  blood-vessels  and  seminiferous 
tubes.  From  the  mediastinum,  numerous  delicate,  radiating 
processes  of  connective  tissue  pass  to  the  inner  surface  of  the 
tunica  albuginea,  dividing  the  substance  of  the  testicle  into 
imperfect  lobules,  which  lodge  the  seminiferous  tubes. 
LuBchka  estimates  the  number  of  these  lobules  at  from  one 
hundred  and  fifty  to*  two  hundred."    Their  shape  is  pyrami- 

1  Quain,  Elements  of  Anatomy,  London,  1867,  voL  ii.}  p.  967.  For  the  Bake 
of  uniformity  of  description,  moBt  of  the  measurements  of  the  different  parts  of 
the  testicle  will  be  taken  from  the  above  work. 

'  Lubchka,  Anatomie  <U$  Menschen,  Tubingen,  1864,  Bd.  ii.,  &  267. 
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dal,  the  larger  extremities  presenting  toward  the  surface,  and 
the  pointed  extremities  situated  at  the  mediastinum. 

Lining  the  tunica  albuginea  and  following  the  mediasti- 
num and  the  processes  which  penetrate  the  testicle,  is  a  tu- 
nic, composed  of  blood-vessels  and  delicate  connective  tissue, 
called  the  tunica  vasculosa. 

Lodged  in  the  cavities  formed  by  the  trabecule  of  con- 
nective tissue,  are  the  seminiferous  tubes,  in  which  the  male 
elements  of  generation  are  developed.  These  tubes  exist  to 
the  number  of  about  eight  hundred  and  forty  in  each  testi- 
cle, and  constitute  almost  the  entire  substance  of  the.  lobules. 
The  larger  lobules  contain  five  or  six  tubes,  the  lobules  of 
medium  size,  three  or  four,  and  the  smallest  frequently  en- 
close but  a  single  tube.1  Each  tube  presents  a  convoluted 
mass,  which  can  frequently  be  disentangled  under  water, 
particularly  if  the  testicle  be  macerated  for  several  months 
in  water  with  a  little  nitric  acid.  The  entire  length  of  the 
tube,  when  thus  unravelled,  is  about  thirty  inches,  and  its 
diameter  is  from  jfa  to  ^  of  an  inch.  It  begins  by  from 
two  to  seven  short,  blind  extremities  and  sometimes  by  anas- 
tomosing loops.  The  cffical  diverticula  are  found  usually  in 
the  external  half  of  the  tube,  and  their  length  is  from  -fa  to 
i  of  an  inch.  The  anastomoses  are  sometimes  between  the 
tubes  of  different  lobules,  sometimes  between  tubes  in  the 
same  lobule,  and  sometimes  between  different  points  in  the 
same  tube.*  As  the  tubes  pass  toward  the  posterior  portion 
of  the  testicle,  they  unite  into  about  twenty  straight  canals, 
called  the  vasa  recta,  about  ^  of  an  inch  in  diameter,  which 
penetrate  the  substance  of  the  mediastinum  testis.  In  the 
mediastinum,  the  tubes  form  a  close  net-work,  called  the  rete 
testis;  and,  at  the  upper  portion  of  the  posterior  border, 
they  pass  out  of  the  testicle,  by  from  twelve  to  fifteen  open- 
ings, and  are  here  called  the  vasa  efferentia. 

Having  passed  out  of  the  testicle,  the  vasa  efferentia  form 

1  Sappey,  TraitS  cTanatomie,  Paris,  1874,  tome  iv.,  p.  601. 
*  Sappey,  he.  cii.y  p.  606. 
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a  series  of  small,  conical  masses,  which  together  constitute 
the  globus  major,  or  head  of  the  epididymis.  Each  of  these 
tubes,  when  unravelled,  is  from  six  to  eight  inches  long, 
gradually  increasing  in  diameter,  until  they  all  unite  into  a 
single,  convoluted  tube,  which  forms  the  body  and  the  glo- 
bus minor  of  the  epididymis.  This  single  tube  of  the  epi- 
didymis, when  unravelled,  is  about  twenty  feet  in  length. 


TeMJelfl  ud  opWWyinte  of  ths  human  subject     After  Arnold. 
t«acle;o,T»»  wa:  d,  ™to  teaUi;  e.  vim  efferent^;/  « 

epldldymta ;  g,  epididymis;  A.  m  deferent;  i,  ruibcrnni;  m.  omncneii  m  mu  »|mnu.uc 
vlerr  to  the  teettcle  ud  epididymis;  n,  ramifleattoe  of  the  txterj  upon  the  Mttcle  ud 
eptdtdrmto;  a,  deferentlsl  trVry;  p,  uutomoeli  of  the  deferential  with  the  ipermiHo 
utery.    (KoLLUu,  MandbueA  der  GeatbtUArt,  Leipzig,  16«,  H.  518.) 

The  walls  of  the  seminiferous  tubes  in  the  testicle  itself 
are  composed  of  connective  tissue,  a  basement-membrane, 
and  a  lining  of  granular,  nucleated  cells.  In  the  rete  testis, 
it  is  uncertain  whether  the  tubes  have  a  special  fibrous  coat 
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or  are  simple  channels  in  the  fibrous  structure.  They  are 
here  lined  with  pavement-epithelium.  In  the  vasa  efferen- 
tia  and  the  epididymis,  we  have  a  fibrous  membrane,  with 
longitudinal  and  circular  fibres  of  involuntary  muscular  tis 
sue,  and  a  lining  of  ciliated  epithelium,  described  by  Becker 
in  the  bull  and  the  horse,1  and  noted  by  Kolliker  in  the  human 
subject.8  The  .movement  of  the  cilia  is  toward  the  vas  defe- 
rens. In  the  lower  portion  of  the  epididymis,  the  cilia  are 
absent.  The  tubular  structures  of  the  testicle,  the  epididy- 
mis, and  the  commencement  of  the  vas  deferens  are  shown 
in  Fig.  30. 

At  the  lower  portion  of  the  epididymis,  communicating 
with  the  canal,  there  is  usually  found  a  small  mass,  formed 
of  a  convoluted  tube  of  variable  length,  called  the  vas  aber- 
rans  of  Haller.*  (i.,  Fig.  30.)  This  is  sometimes  wanting, 
and  its  function,  which  cannot  be  very  important,  is  unknown. 

Vas  Deferens. — The  excretory  duct  of  the  testicle  ex- 
tends from  the  epididymis  to  the  prostatic  portion  of  the 
urethra,  and  is  a  continuation  of  the  single  tube  which  forms 
the  body  and  globus  minor  of  the  epididymis.  It  is  some- 
what tortuous  near  its  origin,  and  becomes  larger  at  the  base 
of  the  bladder,  just  before  it  is  joined  by  the  duct  of  the 
seminal  vesicle.  Near  its  point  of  junction  with  this  duct,  it 
again  becomes  narrower.    Its  entire  length  is  nearly  two  feet. 

The  course  of  the  vas  deferens  is  in  the  spermatic  cord  to 
the  external  abdominal  ring,  through  the  inguinal  canal  to 
the  internal  ring,  where  it  leaves  the  blood-vessels,  passes  be- 
neath the  peritoneum  to  the  side  of  the  bladder,  then  along 
the  base  of  the  bladder  by  the  inner  side  of  the  seminal  vesi- 
cle, finally  joining  the  duct  of  the  seminal  vesicle,  the  com- 

1  Becker,  Ueber  Flimmerepithelium  vnd  FUmmerbewegvng  im  Getchlechkap- 
paraie  der  Sdugtthiere  vnd  dee  Meneehen. — Untersuchungen  zur  Naturlehre  dm 
Mentchen  vnd  der  Thieve,  Frankfurt  a.  M.,  1857,  Bd.  it,  S.  77. 

•  Kolliker,  JStemenU  d'hutologie  humavne,  Paris,  1868,  p.  676. 

8  Halmcr,  EUmenia  PhytiologuM,  Bern®,  1765,  tomus  vil,  p.  449. 
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mon  tube  forming  the  ejaculatory  duct,  which  opens  into  the 
prostatic  portion  of  the  urethra. 

The  walls  of  the  vas  deferens  are  thick,  abundantly  sup- 
plied with  vessels  and  nerves,  and  provided  with  an  external 
fibrous,  a  middle  muscular,  and  an  internal  mucous  coat.  The 
greater  part  of  that  portion  of  the  tube  which  is  connected 
with  the  bladder  is  dilated  and  sacculated.  The  fibrous  coat 
is  composed  of  strong  connective  tissue.  The  muscular  coat 
presents  three  layers ;  an  external,  rather  thick  layer  of  lon- 
gitudinal fibres,  a  thin,  middle  layer  of  circular  fibres,  and  a 
thin,  internal  layer  of  longitudinal  fibres,  all  of  the  non-stri- 
ated variety.  By  the  action  of  these  fibres,  the  vessel  may 
be  made  to  undergo  energetic  peristaltic  movements,  and  this 
has  followed  galvanization  of  that  portion  of  the  spinal  cord 
corresponding  to  the  fourth  lumbar  vertebra,  which  is  de- 
scribed by  Budge  as  the  genito-spinal  centre.1 

The  mucous  membrane  of  the  vas  deferens  is  pale,  thrown 
into  longitudinal  folds  in  the  greatest  part  of  the  canal,  and 
presents  numerous  additional  rugae  in  the  sacculated  portion, 
these  rug®  enclosing  little,  irregular,  polygonal  spaces.  The 
membrane  is  covered  with  columnar  epithelium,  which  is  not 
ciliated.  In  the  sacculated  .portion,  are  numerous  mucous 
glands. 

Attached  to  the  vas  deferens,  near  the  head  of  the  epi- 
didymis, is  a  little  mass  of  convoluted  and  sacculated  tubes, 
called  the  organ  of  Giraldds,1  or  the  corpus  innominatum. 
This  body  is  from  -J-  to  J  of  an  inch  long  and  -^  of  an  inch 
broad.  Its  tubes  are  lined  with  cells  of  pavement-epithelium, 
which  are  often  filled  with  fatty  granules.  Generally,  the 
tubes  present  •only  blind  extremities,  but  some  of  them  oc- 
casionally communicate  with  the  tubes  of  the*  epididymis. 
This  organ  has  no  physiological  importance.     It  is  regarded 

1  Budge,  Lehrbueh  der  epecieUen  Phyriofoyie  dee  Menschen,  Leipzig,  1862,,  8. 
181. 

9  GiRALDfes,  Recherche*  anatomiquee  tur  le  corps  irmomirU. — Journal  de  la 
phmioloyie,  Paris,  1861,  tome  iv.,  p.  1,  et  teq. 
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by  Girald&s  as  a  remnant  of  the  Wolffian  body,  analogous  to 
the  parovarium. 

VesteidcB  SemmaLes. — Attached  to  the  base  of  the  blad- 
der and  situated  externally  to  the  vasa  deferentia,  are  the 
two  vesiculae  seminales.  These  bodies  are  each  composed  of 
a  coiled  and  sacculated  tube,  from  four  to  six  inches  in  length 
when  unravelled,  somewhat  convoluted,  in  the  natural  state, 
into  an  ovoid  mass  which  is  firmly  bound,  to  the  vesical  wall. 
The  structure  of  the  seminal  vesicles  is  not  very  unlike  that 
of  the  sacculated  portion  of  the  vasa  deferentia.  They  have 
an  external  fibrous  coat,  a  middle  coat  of  muscular  fibres,  and 
a  mucous  lining.  Muscular  fibres  pass  over  these  vesicles 
from  the  bladder,  both  in  a  longitudinal  and  in  a  circular  di- 
rection, and  serve  as  compressors,  by  the  action  of  which 
their  contents  may  be  discharged.  The  mucous  coat  is  pale, 
finely-reticulated,  and  is  covered  with  cells  of  polygonal  epi- 
thelium, nucleated  and  containing  brownish  granules.  No 
mucous  glands  have  been  found  in  its  substance. 

The  vesiculse  seminales  undoubtedly  serve,  in  part  at 
least,  as  receptacles  for  the  seminal  fluid,  as  their  contents 
often  present  a  greater  or  less  number  of  spermatozoids. 
The  essay  of  John  Hunter  on*  the  vesiculse  seminales,  first 
published  in  1786,  in  which  the  idea  was  advanced  that  they 
did  not  serve  as  receptacles  for  the  semen,  showed  that  they 
produced  an  independent  secretion  which  became  mixed  with 
the  product  of  the  testicles  in  ejaculation ;  but  this  opinion 
was  not  based  upon  microscopical  observations,  and  the  pres- 
ence or  absence  of  the  spermatozoids  was  not  noted.1  Al- 
though the  mucous  membrane  of  the  vesicles  .seems  to  pro- 
duce an  independent  secretion,  the  presence  of  glands  has  not 
been  demonstrated.  The  fact  that  the  fluid  capable  of  fecun- 
dating the  ovum  is  produced  only  by  the  testicles,  that  the 

1  Hunter,  Observations  on  the  Glands  situated  between  the  Rectum  and  Blad- 
dery called  Vesicula  Seminales. — Observations  on  certain  Parts  of  the  Animal 
(Economy,  London,  1792,  p.  81,  et  seq. 
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spermatozoids  are  the  true  fecundating  elements  of  the  male, 
and  that  these  are  developed  in  the  testicles,  shows  that  the 
spermatozoids  found  in  the  seminal  vesicles  pass  into  their 
cavity  from  the  vasa  def erentia. 

The  ejaculatory  ducts  are  formed  by  the  union  of  the 
vasa  deferentia  with  the  ducts  of  the  vesiculse  seminales  on 
either  side,  and  open  into  the  prostatic  portion  of  the  ure- 
thra. Except  that  their  coats  are  much  thinner,  they  have 
essentially  the  same  structure  as  the  vasa  deferentia. 

Prostate. — Surrounding  the  commencement  of  the  ure- 
thra, including  what  is  known  as  its  prostatic  portion,  is  the 
prostate  gland  or  body.  This  organ,  except  as  it  secretes  a 
fluid  which  forms  a  part  of  the  ejaculated  semen,  has  chiefly 
a  surgical  interest,  so  that  it  is  unnecessary  to  describe  mi- 
nutely its  form  and  relations.  It  is  enveloped  in  an  exceed- 
ingly dense,  fibrous  coat,  contains  numerous  glandular  struct- 
ures opening  into  the  urethra,  and  presents  a  great  number 
of  non-striated,  with  a  few  striated  muscular  fibres,  some  just 
beneath  the  fibrous  coat  and  others  penetrating  its  substance 
and  surrounding  the  glands.1 

The  glands  of  the  prostate  are  most  distinct  at  that  por- 
tion which  lies  behind  the  urethra.  In  the  posterior  portion 
of  this  canal,  are  f  ound  about  twenty  openings,  which  lead  to 
tubes  ramifying  in  the  glandular  substance.  These  tubes 
are  formed  of  a  structureless  membrane,  branching  as  it 
penetrates  the  gland.  They  present  hemispherical  diverticula 
in  their  course,  and  terminate  in  dilated  extremities,  which 
are  looped  and  coiled.  In  the  deeper  portions  of  the  tubes, 
the  epithelium  is  columnar  or  cubical,  becoming  tesselated 
near  their  openings,  and  sometimes  laminated. 

The  prostatic  fluid,  according  to  Robin,  is  secreted  only 
at  the  moment  of  ejaculation.9    Its  characters  will  be  consid- 

1  Klein,  in  Stricksr,  Manual  of  Human  and  Comparative  Histology,  He 
New  Sydenham  Society,  London,  1872,  vol.  ii.,  p.  297.  :" 

'  Robin,  Lefons  tur  lea  humeura,  Paris,  1867,  p.  858. 
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ered  under  the  head  of  the  seminal  fluid ;  but  we  may  here 
note  that  it  has  been  thought  by  Kraus,  that  the  prostatic 
fluid  has  the  important  function  of  maintaining  the  vitality 
of  the  spermatozoids.  "  The  spermatozoa,  in  the  absence  of 
the  prostatic  fluid,  cannot  live  in  the  mucous  membrane  of 
the  uterus  of  mammalia ;  but  with  its  aid  they  may  live  for 
a  long  time  in  the  uterine  mucus,  often  more  than  thirty-six 
hours." l 

Glands  of  the  Urethra. — Anterior  to  the  prostate,  open- 
ing into  the  bulbous  portion  of  the  urethra,  are  two  small 
racemose  glands,  called  the  glands  of  M6ry  or  of  Cowper. 
These  have  each  a  single  excretory  duct,  are  lined  through- 
out with  cylindrical  epithelium,  and  secrete  a  viscid,  mucus- 
like fluid,  which  forms  a  part  of  the  ejaculated  semen.  Some- 
times there  exists  only  a  single  gland,  and  occasionally,  though 
rarely,  both  are  absent  Their  function  is  probably  not  very 
important. 

The  glands  of  Littre,  found  throughout  the  entire  urethra, 
and  most  abundant  on  its  anterior  surface,  are  simple  race- 
mose glands,  extending  beneath  the  mucous  membrane  into 
the  muscular  structure,  presenting  here  four  or  five  acini. 
As  these  acini  are  thus  surrounded  by  muscular  fibres,  we 
can  readily  understand  how  their  secretion  may  be  pressed 
out  during  erection  of  the  penis.  They  are  lined  throughout 
with  columnar  or  conoidal  epithelium,  and  secrete  a  clear  and 
somewhat  viscid  mucus,  which  is  mixed  with  the  ejaculated 
semen. 

Male  Elements  qf  Generation. 

The  ejaculated  seminal  fluid  contains  the  male  elements 
of  generation ;  but  it  must  be  remembered  that  the  complex 
fluid  known  as  the  semen  is  composed  of  anatomical  elements 

1  KftACS,  Preliminary  Oommwmicaiio*  comcemimg  tkt  Fmutum  of  tkt  Prm- 
tot  Qbm*\—3Mk*l  7W»  mmd  Gmette,  London,  1871,  vol  i,  p.  170.  A  mo- 
ond  and  a  more  elaborate  communication  in  the  same  volume  of  the  Mtdiemi 
TSmm  **d  Otmtit  is  derated  mainly  to  the  pathology  of  the  prostate, 
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developed  in  the  testicle  itself,  mixed  with  the  secretion  of 
the  vasa  def erentia,  of  the  vesical©  seminales,  of  the  glands 
of  the  prostate,  and  of  the  glands  of  the  urethra.  As  we 
shall  see  when  we  come  to  discuss  the  mechanism  of  fecunda- 
tion of  the  ovum,  the  spermatozoids  are  the  essential  male 
elements,  and  these  are  produced  in  the  substance  of  the  tes- 
ticle, by  a  process  analogous  to  that  of  the  development  of 
other  true  anatomical  elements,  and  not  by  the  mechanism 
with  which  we  are  familiar  in  secreting  glands.  The  testicles 
cannot  be  regarded  strictly  as  glandular  organs.  They  are 
analogous  to  the  ovaries,  and  are  the  only  organs  in  which 
spermatozoids  can  be  developed,  as  the  ovaries  are  the  only 
organs  in  which  the  ovum  can  be  formed.  If  the  testicles 
be  absent,  the  power  of  fecundation  is  lost,  none  of  the  fluids 
secreted  by  the  accessory  organs  of  generation  being  able  to 
perform  the  functions  of  the  true  fecundating  elements. 

In  the  healthy  male,  at  the  climax  of  a  normal  venereal 
orgasm,  from  half  a  drachm  to  a  drachm  of  seminal  fluid  is 
ejaculated  with  considerable  force  from  the  urethra,  by  an 
involuntary  muscular  spasm.  This  fluid  is  slightly  mucilagi- 
nous, grayish  or  whitish,  streaked  with  lines  more  or  less 
opaque,  and  evidently  contains  various  kinds  of  mucus.  It 
has  a  faint  and  peculiar  odor,  mi  generis,  which  is  observed 
only  in  the  ejaculated  fluid  and  not  in  any  of  its  constituents 
examined  separately.  It  is  a  little  heavier  than  water,  and 
does  not  mix  with  it  or  dissolve.  After  ejaculation,  it  be- 
comes jelly-like  and  dries  into  a  peculiar,  hard  mass,  which 
may  be  softened  by  the  application  of  appropriate  liquids. 
The  liquid  is  not  coagulated  by  heat  and  does  not  contain  al- 
bumen. Its  reaction  is  faintly  alkaline.  It  contains,  in  the 
human  subject,  from  100  to  120  parts  of  solid  matter  per 
1000.1 

The  chemical  constitution  of  the  semen  has  not  been  very 
thoroughly  investigated  and  does  not  present  the  same  physi- 
ological interest  as  its  anatomical  characters.    Aside  from 

1  Bobix,  Lefom  tur  let  kumeur*,  Paris,  1867,  p.  366. 
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the  anatomical  elements  derived  from  the  testicles  and  the 
genital  passages,  it  presents  an  organic  principle  (spermatine) 
which  has  nearly  the  same  chemical  characters  as  ordinary 
mucosine.  It  also  contains  a  considerable  quantity  of  phos- 
phates, particularly  the  phosphate  of  magnesia.  During  des- 
iccation, the  characteristic  crystals  of  this  salt  usually  make 
their  appearance ;  and,  in  the  decomposed  fluid,  we  frequent- 
ly find  crystals  of  the  triple  phosphates. 

The  composite  character  of  the  seminal  fluid  will  be  better 
understood  if  we  examine  briefly  the  properties  of  the  dif- 
ferent mucous  secretions  which  enter  into  its  composition. 

In  the  dilated  portion  of  the  vasa  def  erentia,  the  mucous 
glands  secrete  a  fluid  which  is  the  first  added  to  the  sperma- 
tozoids  as  they  come  from  the  testicles.  This  fluid  is  brown- 
ish or  grayish,  and  contains  epithelium,  and  small,  rounded 
granulations,  which  are  dark  and  strongly  refractive.  The 
liquid  itself  is  very  slightly  viscid. 

In  the  vesiculsa  seminales,  there  is  a  more  abundant  secre- 
tion of  a  grayish  fluid,  with  epithelium,  little  colorless  con- 
cretions of  nitrogenized  matter,  called  by  Robin,  sympexions,1 
and  a  few  leucocytes. 

The  glandular  structures  of  the  prostate  produce  a  creamy 
secretion,  containing  numerous  fine  granulations.  It  is  chiefly 
to  the  admixture  of  this  fluid  that  the  semen  owes  its  whitish 
appearance.  Finally,  as  the  semen  is  ejaculated,  it  receives 
the  exceedingly  viscid  secretion  of  the  glands  of  Cowper,  a 
certain  amount  of  stringy  mucus  from  the  follicles  of  the 
urethra,  with,  perhaps,  a  little  of  the  urethral  epithelium. 

Anatomically  considered,  the  seminal  fluid  contains  no 
important  elements  except  the  spermatozoids,  the  various  se- 
cretions we  have  mentioned  serving  simply  as  a  vehicle  for 
the  introduction  of  these  bodies  into  the  generative  passages 
of  the  female.  We  shall  therefore  consider  only  the  struct- 
ure of  the  spermatozoids,  their  movements,  and  the  process 
of  their  development. 

1  Lirnti  it  Bobut,  Dictionnaire  de  m&dedne,  Paris,  1873,  Article,  Sympexion. 
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Spermatozoids. — In  August,  1677,  a  German  student, 
named  Von  Hammen,1  discovered  the  spermatozoids  in  the 
human  semen,  and  exhibited  them  to  Leeuwenhoek,  who 
studied  them  as  closely  as  was  possible  with  the  instruments 
at  his  command.  For  a  long  time,  they  were  regarded  as  liv- 
ing animalcules ;  though  now  they  are  considered  simply  as 
peculiar  anatomical  elements,  endowed  with  movements,  like 
ciliated  epithelium.  These  elements  are  developed  within 
the  seminiferous  tubes,  by  a  process  which  has  been  most 
elaborately  and  accurately  described  by  Kolliker.  They  dif- 
fer, not  so  much  in  their  mode  of  development  as  in  their 
form,  in  different  animals.  "We  shall  describe,  however,  only 
the  spermatozoids  of  the  human  subject,  and  we  find  that 
the  history  of  their  development,  as  given  by  Kolliker,  has 
not  been  essentially  modified  by  more  recent  researches. 

If  we  examine  a  specimen  of  the  fluid  taken  from  the 
vesiculee  seminales  of  an  adult  who  has  died  suddenly,  or  the 
ejaculated  semen,  we  find  that  it  contains,  in  addition  to  the 
various  accidental  or  unimportant  anatomical  elements  which 
we  have  mentioned,  innumerable  bodies,  resembling  animal- 
cules, which  present  a  flattened,  conoidal  head  and  a  long,  ta- 
mpering, filamentous  tail.  The  caudate  appendage  is  in  active 
motion,  and  the  spermatozoids.. move  about  the  field  of  view 
with  considerable  rapidity  and  force,  pushing  aside  little  cor- 

1  Leeuwenhoek,  JSpistolce,  Lugd.  Batav.,  1719,  tomus  i.,  p.  59. 

The  discovery  of  the  spermatozoids  marks  an  era  in  the  history  of  genera- 
tion, as  it  was  the  first  positive  fact  in  opposition  to  the  commonly-received 
opinion  that  fecundation  was  accomplished  by  the  aura  seminalis,  or  vapor  ex- 
haled from  the  seminal  fluid.  It  is  curious,'  however,  that  we  are  not  able  to 
state  positively  the  correct  name  of  the  discoverer.  Leeuwenhoek,  from  whose 
original  work  the  above  reference  has  been  taken,  calls  the  name  Hammius, 
which  is  evidently  a  German  name  rendered  into  Latin.  Milne  Edwards  calls 
the  name  Ham.  (Zefons  *ur  la  physiologic,  Paris,  1863,  tome  viii.,  p.  339.)  Lon- 
get  spells  the  name  Hamm.  (Traiti  de  physiologic,  Paris,  1869,  tome  Hi.,  p. 
781.)  Sprengel  (ffistoire  de  la  midecine,  traduile  par  Jourdan,  Paris,  1815,  tome 
iv.,  p.  809)  speaks  of  the  discoverer  as  a  young  physician  of  Dantzick,  Louis  de 
Hammen  (probably  Yon  Hammen).  The  name  is  known  in  the  history  of 
physiology  chiefly,  if  not  entirely,  from  the  letters  of  Leeuwenhoek. 
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Fig.  81. 


puscles  or  granules  with  which  they  come  in  contact.  This 
is  supposed  to  be  an  indication  of  the  vitality  of  the  sperma- 
tozoids,  which  are  not  thought  to  be  capable  of  fecundating 
the  ovuqi  after  their  movements  have  ceased.  Under  favor- 
able conditions,  particularly  in  the  generative  passages  of  the 
female,  the  movements  continue  for  days ;  and  this  fact  is 
important,  as  we  shall  see  hereafter,  in  its  bearing  upon 
the  limits  of  the  time  of  fecundation. 

Microscopical  examination  does  not  reveal  any  very  dis- 
tinct structure  in  the  substance  of  the  spermatozoids.    The 

head  is  about  -j^nr  of 
an  inch  long,^^  of  «* 
inch  broad,  and  1TJ7nr 
of  an  inch  in  thickness. 
The  tail  is  about  jfo  of 
an  inch  in  length.  La 
Valette  St.  George  has 
fo™d,m  man  and  many 
of  the  inferior  animals, 
the  "intermediate  seg- 
ment "  described  first 
by  Schweigger-Seidel,1 
though  he  does  not  agree 
with  Schweigger-Seidel 
that  this  portion  is  mo- 
tionless.* The  length  of 
the  intermediate  seg- 
ment is  about  TflVj  of  an  inch.  It  is  usually  described  as 
the  beginning  of  the  tail ;  and  the  only  difference  between 
this  and  other  portions  is  that  it  is  a  little  thicker. 

According  to  Kolliker,  water  speedily  arrests  the  move- 
ments of  the  spermatozoids,  which  may  be  restored  by  the  ad- 

1  Schwkiooer-Sbidbl,  Ueber  die  Samenkorpercken  und  ihre  Entmcldung. — 
Archivfur  mikroskopische  Anatomic,  Bonn,  1865,  Bd.  i.,  S.  819. 

8  La  V alette  St.  George,  in  Stricker,  Manual  of  Human  and  Comparative 
Hittology,  The  New  Sydenham  Society,  London,  1872,  vol.  iL,  p.  161. 


Human  apermatozolda.  Magnified  600  diameter*. 
(Luschicjl,  AnatomU  <fe$  Mentchen,  Tubin- 
gen, 1864,  Bd.  IL,  8.  272.) 
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dition  of  dense  saline  and  other  solutions.  All  of  the  alka- 
line animal  fluids  of  moderate  viscidity  favor  the  movements, 
while  the  action  of  acid  or  of  very  dilute  solutions  is  unfa- 
vorable. The  movements  are  suspended  by  extreme  cold,  but 
return  when  the  ordinary  temperature  is  restored.1 

Before  the  age  of  puberty,  the  seminiferous  tubes  are 
much  smaller  than  in  the  adult,  and  contain  small,  trans- 
parent cells,  which,  in  their  form  and  arrangement,  resemble 
epithelium.  As  puberty  approaches,  however,  the  tubes  be- 
come larger,  and  the  cell-contents  increase  in  size.  At  this 
time,  there  seem  to  be  two  kinds  of  cells ;  an  epithelium, 
in  the  form  of  irregularly-shaped  cells,  lining  the  tubes,  and 
rounded  cells,  containing  one  or  more  nuclei,  some  of  the 
cells  appearing  to  be  in  process  of  segmentation.  Many  of 
the  cells  lining  the  tube,  according  to  La  Valette  St.  George, 
present  a  rounded  portion,  with  a  large,  clear  nucleus,  applied 
to  the  tube-wall,  each  with  a  caudate  prolongation  projecting 
into  the  tube.1  Sometimes  the  projections  from  the  different 
cells  anastomose  with  each  other,  forming  a  kind  of  net- 
work, which  is  possibly  the  appearance  of  segmentation,  de- 
scribed by  Kolliker. 

In  the  central  portions  of  the  tubes  of  the  adult,  are 
rounded  vesicles,  from  fl3*g0  to  -gijij-  of  an  inch  in  diameter, 
each  containing  from  two  to  twenty  transparent  nuclei 
measuring  from  ^^  to  -gfos  of  an  inch.  In  these,  which 
are  called  the  seminal  cells,  La  Valette  St.  George  has  dis- 
covered amoeboid  movements."  The  large  vesicles  with  mul- 
tiple nuclei  are  the  seat  of  development  of  the  spermato- 
zoids.  The  nuclei  of  the  vesicles  appear  to  be  transformed 
into  the  heads  of  the  spermatozoids,  and  the  filamentous  ap- 
pendages, which  are  seen  in  the  vesicles  in  various  stages  of 
formation,  are  developed  gradually.     It  often  occurs  that, 

1  Kolliker,  tlkment*  cThwtologie  kumaine,  Paris,  1868,  p.  683. 
'  La  Valette  St.  George,  in  Stricker,  Manual  of  Human  and  Comparative 
HUtoloffy,  The  New  Sydenham  Society,  London,  1872,  vol.  ii.,  p.  138. 
1  Op.  a/.,  p.  141. 
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when  from  ten  to  twenty  Bpermatozoids  are  developed  in  a 
single  vesicle,  the  heads  and  tails  are  arranged  regularly, 
Bide  by  aide ;  but  when  but  two  or  three  are  observed,  their 
arrangement  is  irregular.  The  vesicular  envelopes  finally 
disappear  and  the  spermatozoids  are  liberated ;  but  this 
only  occurs  in  the  rete  testis  and  in  the  epididymis.  In  the 
epididymis  and  the  vasa  deferentia,  the  spermatozoids  are 


Development  nf  the  tpei-mntomtti  In  the  nbblL— a,  a.  ipermilMoldi ;  b.  «p*rm».Ue  coll  ton- 
tilnine  fourteen  mcM,  two  nf  which  contain  each  >  head  or  ■  tpermatniolcl  developed ;  e, 
■permnUc  csll  com  Online  two  secondary  colli,  ejeh  ono  provMed  with  anucltue  from  which 
two  ipermatoiotdi  ire  to  he  developed :  D%  ipnMW  cell  with  mi  nucleus;  t,  Sper- 
matic cell  containing  a  lecondiry  cell  with  ■  nueleui;  A,  handle  of  apemieloiolda.  (Lit- 
atoa.  TVaild  dt  phyXotut/U.  Park.  IS»,  p.  200. ) 

motionless,  though  they  are  not  enclosed  in  vesicles,  appar- 
ently from  the  density  of  the  substance  in  which  they  are 
embedded ;  for  movements  are  sometimes  presented  when 
the  contents  of  the  ^aaa  deferentia  are  examined  with  the 
addition  of  water  or  salino  solutions.     Once  in  the  vesiculaa 
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seminales,  or  after  ejaculation,  the  spermatozoids  are  invari- 
ably in  active  motion.1 

The  semen  thus  developed  and  mixed  with  the  various 
secretions  before  mentioned  is  found  during  adult  life  and 
even  at  an  advanced  age;  and,  under  physiological  condi- 
tions, it  contains  innumerable  spermatozoids  in  active  move- 
ment. But  if  sexual  intercourse  be  frequently  repeated  at 
short  intervals,  the  ejaculated  fluid  becomes  more  and  more 
transparent,  homogeneous,  and  scanty,  and  may  consist  of  a 
small  amount  of  secretion  from  the  vesiculsa  seminales  and 
the  glands  opening  into  the  urethra,  without  spermatozoids, 
and  consequently  deprived  of  fecundating  properties. 

In  old  men,  the  seminal  vesicles  may  not  contain  sperma- 
tozoids ;  but  this  is  not  always  the  case,  even  in  very  advanced 
life.  Instances  are  constantly  occurring  of  men  who  have 
children  in  their  old  age,  in  which  the  paternity  of  the 
offspring  can  hardly  be  doubted.  Duplay,  in  1852,  examined 
the  semen  of  a  number  of  old  men,  and  found,  in  about  half 
the  number,  spermatozoids,  normal  in  appearance  and  quan- 
tity, though,  in  some,  the  vesiculse  seminales  contained  either 
none  or  very  few.  Some  of  the  individuals  in  whom  the 
spermatozoids  were  normal  were  between  seventy-three  and 
eighty-two  years  of  age."  More  recently,  M.  A.  Dieu  has 
investigated  the  same  question.  In  his  conclusions,  adding 
to  his  own  observations  the  fifty-one  cases  noted  by  Duplay, 
he  gives  the  following  results,  in  one  hundred  and  fifty-six 
old  men : 

1  Kollikkr,  ilkmtnJU  (Thutoloffis  humaine,  Paris,  1868,  p.  678,  *  *tq. 

'  Duplay,  JUekarehm  tur  le  tperme  da  vieiRard*. — Archive*  genkraU*  de  mS~ 
decine,  Paris,  1862,  4*  s6rie,  tome  xxx.,  p.  897. 

Duplay  seems  to  have  been  the  first,  except  Wagner,  to  have  demonstrated 
microscopically  the  presence  of  spermatozoids  in  the  vesicuto  seminales  of  old 
men,  but  others  bad  found  a  liquid  like  the  semen  in  the  vesicles  and  testicles. 
Duplay  cites  a  case  of  this  kind  reported  by  Timmiua,  in  an  old  man  of  ninety- 
four.  Wagner  {Element*  of  Phyiology,  London,  1841,  p.  7)  makes  the  follow- 
ing statement :  "  I  have  constantly  found  seminal  animalcules  in  the  fluid  of  the 
testis  of  very  aged  men ;  it  is  only  among  weakly  and  decrepid  individuals  that 
the  procreative  faculty  is  really  lost11 
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"25  sexagenarians  gave  a  proportion,  still  presenting 
spermatozoids,  of  68*5  per  100. 

"  76  septuagenarians  gave  a  proportion,  still  presenting 
spermatozoids,  of  59*5  per  100. 

"  51  octogenarians  gave  a  proportion,  still  presenting  sper- 
matozoids, of  48  per  100. 

"  4,  having  passed  the  age  of  90  years,  gave  entirely  nega- 
tive results." 

The  oldest  man,  in  the  cases  reported  by  Dnplay,  was 
eighty-two,  and,  in  those  noted  by  Dieu,  eighty-six  years, 
which  latter  Dien  fixes  as  the  limit,  not  having  observed  sper- 
matozoids after  that  age.  The  observations  were  made  by 
examining  the  contents  of  the  generative  passages  twenty- 
four  hours  after  death.  Some  of  the  subjects  died  of  acute, 
and  others,  of  chronic  diseases ;  but  the  mode  of  death  did 
not  present  any  differences  in  the  cases  classed  with  reference 
to  the  presence  of  spermatozoids.  As  a  result  of  his  own  and 
other  investigations,  Dieu  comes  to  the  conclusion  that  the 
power  of  fecundation  in  the  male  often  persists  for  a  consid- 
erable time  after  the  power  of  copulation  has  been  lost  sim- 
ply from  incapacity  for  erection  of  the  penis.1 

1  Dieu,  Recherche*  tw  le  eperme  dee  vieiUardt. — Journal  de  Vanatomie  et  dela 
pkysiologie,  Paris,  1867,  tome  ivM  p.  449,  et  eeo. 


CHAPTEE  XIV. 

FECUNDATION. 

Coitus — Action  of  the  male — Erection — Ejaculation  of  semen— Action  of  the  fe- 
male—Erection of  the  female  organB — Action  of  the  cervix  and  os  uteri 
during  sexual  excitement — Entrance  of  spennatozoids  into  the  uterus — 
Course  of  the  spennatozoids  through  the  female  generative  passages — Du- 
ration of  vitality  of  spennatozoids  and  ova — Mechanism  of  fecundation — 
Determination  of  the  sex  of  offspring — Hereditary  transmission — Superfe- 
cundation — Influence  of  the  maternal  mind  on  offspring — Union  of  the 
male  with  the  female  element  of  generation — Passage  of  the  spennatozoids 
through  the  vitelline  membrane. 

As  far  as  the  male  is  concerned,  coitus  is  rendered  possi- 
ble by  erection  of  the  penis.  This  may  occur  before  puberty, 
but,  at  this  time,  intercourse  cannot  be  fruitful.  As  we  have 
seen  in  a  previous  chapter,  coitus  may  be  impossible  in  old 
age,  from  absence  of  the  power  of  erection ;  but  spennato- 
zoids may  still  exist  in  the  vesicul©  seminales,  and  fecunda- 
tion might  occur,  if  the  seminal  fluid  could  be  discharged  in- 
to the  generative  passages  of  the  female.  Coitus  may  take 
place  in  the  female  before  the  age  of  puberty  or  after  the 
final  cessation  of  the  menses,  but  intercourse  cannot  then 
be  fruitful.  There  are  sufficiently  numerous  examples  of 
conception  following  what  would  be  called  imperfect  inter- 
course, as  in  cases  of  unruptured  hymen,  deformities  of 
the  male  organs,  etc.,  to  show  that  actual  penetration  of 
the  male  organ  is  not  essential,  and  that  fecundation  may 
occur,  provided  the  seminal  fluid  find  its  way  into  even  the 
lower  part  of  the  vagina.  Conception  has  also  followed  in- 
tercourse, when  the  female  has  been  insensible  or  entirely 
passive ;  but  we  shall  only  consider  the  physiology  of  com- 
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plete  and  normal  intercourse,  when  both  the  male  and  fe- 
male participate,  more  or  less,  in  the  sexual  act. 

Action  of  ike  Male. — The  act  of  sexual  intercourse  is  pre- 
ceded, in  the  male,  by  a  longer  or  shorter  period  of  excite- 
ment, the  most  important  manifestation  of  which  is  erection 
and  rigidity  of  the  penis.  This  is  largely  controlled  by  the 
nervous  system.  It  may  be  due  to  distention  of  the  vesicute 
seminales,  and,  perhaps,  of  the  tubes  of  the  testicle  and  epi- 
didymis after  prolonged  continence,  to  the  imagination,  or 
to  the  presence  or  thought  of  a  female  exciting  desire.  The 
excitement  may,  also,  be  arrested  by  a  sudden  feeling  of  dis- 
gust, modesty,  or  fear;  and  it  sometimes  happens  that  the 
excitement  is  so  intense  that  the  male  organ  becomes  flaccid 
without  ejaculation.  An  occurrence  of  this  kind  frequently 
occasions  such  an  amount  of  mortification  and  apprehension 
for  the  future,  that,  from  the  mere  dread  of  a  similar  acci- 
dent, there  is  frequently  an  incapacity  for  intercourse  when, 
in  all  other  respects,  the  conditions  are  absolutely  normal. 
Physicians  have  frequent  occasion  to  observe  this,  especially 
in  the  newly-married,  who  are  often  afflicted  wjth  the  fear  of 
permanent  sexual  incapacity,  and  seek  professional  advice. 
This  illustrates  the  influence  of  the  nervous  system  upon  the 
sexual  organs,  in  the  absence  of  diseased  conditions. 

Unlike  certain  of  the  lower  animals,  the  human  subject 
presents  no  distinct  periodicity  in  the  development  of  the 
spermatozoids ;  but,  in  reiterated  connection,  an  excitement 
and  orgasm  may  occur  when  the  ejaculated  fluid  has  no  fe- 
cundating properties.  Such  frequently-repeated  sexual  acts 
are  abnormal;  but,  from  a  purely  physiological  point  of 
view,  prolonged  continence  is  equally  unnatural  and  may 
react  unfavorably  on  the  nervous  system.  No  absolute  or 
even  approximative  rule  can  be  laid  down  with  regard  to  the 
frequency  with  which  intercourse  may  take  place  within 
physiological  limits.  "We  may  assume  that  these  conditions 
are  fulfilled,  first,  when  intercourse  is  confined  within  the 
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amits  of  legitimacy,  after  the  unusual  excitement  of  novelty 
has  passed ;  second,  when  both  the  male  and  female  are  in 
perfect  health,  and  no  undue  degree  of  lassitude  follows  co- 
itus, after  a  proper  period  of  repose ;  third,  when  there  is  no 
marked  diminution  of  sexual  desire,  except  that  which  may 
be  accounted  for  by  age ;  fourth,  when  pregnancy  occurs  at 
proper  intervals,  progresses  normally,  and  is  followed  by  the 
normal  period  of  lactation ;  fifth,  when  menstruation  is  regu- 
lar, and  when  there  is  a  period,  usually  after  the  cessation  of 
the  flow,  during  which  there  is  unusual  sexual  excitement, 
responded  to  by  the  male,  and  disappearing  after  the  sexual 
desires  have  been  satisfied.  It  may  be  somewhat  rare  to  find 
these  conditions  fulfilled  in  all  respects,  as  so  few  men  and 
women  in  civilized  life  are  absolutely  normal  during  adult 
age,  and  as  the  sources  of  unnatural  sexual  excitement  are  so 
numerous ;  but  they  approximative^  represent  the  physio- 
logical performance  of  the  generative  functions  in  both  sexes. 
It  is  true  that  the  female  can  frequently  endure  sexual  ex- 
cesses better  than  the  male,  because  she  is  more  passive  and 
may  often  not  participate  in  the  venereal  excitement ;  but  if 
we  assume  that  intercourse  is  physiologically  confined  within 
the  limits  fixed  by  social  laws,  the  same  rules  as  regards  fre- 
quency of  the  sexual  act  should  apply  to  both.  It  is  certain 
that  intercourse  is  not  normal  in  the  female  during  men- 
struation or  during  the  greater  part  of  utero-gestation ;  and, 
at  these  times,  it  is  physiological  that  the  male  should  be 
continent.  Taking  our  view  chiefly  from  what  appear  to 
be  the  sexual  requirements  of  the  female,  intercourse  most 
properly  takes  place  at  the  time  following  the  menstrual 
flow  when  there  is  usually  a  certain  amount  of  sexual  excite- 
ment, and  this  should  not  be  immediately  repeated,  though 
it  may  be  physiological  after  a  few  days.  As  sexual  excite- 
ment is  gratified  and  diminishes,  intercourse,  as  far  as  the 
desires  of  the  female  ^p  concerned,  is  suspended,  and  it  does 
not  take  place  to  any  gr^tt  extent  during  pregnancy.  This 
seems  to  correspond  witn  the  normal  progress  of  the  genera- 
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tive  functions,  as  we  have  traced  it  in  the  female.  It  is  evi- 
dent that  this  is  a  subject  of  great  delicacy,  and  one  that  is 
with  difficulty  brought  to  the  requirements  of  rigid  scientific 
inquiry ;  still  it  can  hardly  be  avoided  in  a  full  account  of 
the  physiology  of  generation,  and  is  a  question  often  pre- 
sented to  the  practical  physician. 

Although  we  have  not  yet  considered  fully  the  mechan- 
ism of  erection,  but  little  remains  to  be  said  on  this  subject 
after  our  discussion,  in  another  volume,  of  the  general  struct- 
ure of  erectile  tissues.1  The  cavernous  and  spongy  bodies  of 
the  penis  are  usually  taken  as  the  type  of  erectile  organs.  In 
these  parts,  the  arteries  are  large,  contorted,  provided  with 
unusually  thick  muscular  coats,  and  connected  with  the 
veins  by  vessels  considerably  larger  than  the  true  capillaries. 
They  are  supported  by  a  strong  fibrous  net-work  of  trabec- 
ule which  contains  non-striated  muscular  fibres ;  so  that, 
when  the  blood-vessels  are  completely  filled,  the  organ  be- 
comes enlarged  and  hardened,  and  can  penetrate  the  vagina. 
The  researches  of  Eckhard  on  the  nerves  of  erection  show 
conclusively  that  the  vessels  of  erectile  tissues  are  distended 
by  an  enlargement  of  the  arterioles  of  supply,  and  that  there 
is  not  simply  a  stasis  of  blood  produced  by  constriction  of  the 
veins,  except,  perhaps,  for  a  short  time,  during  the  period  of 
most  intense  venereal  excitement.  In  experiments  npon  dogs, 
Eckhard  discovered  a  nerve  derived  from  the  sacral  plexus, 
stimulation  of  which  produced  an  increase  in  the  flow  of 
blood  through  the  penis,  attended  with  all  the  phenomena  of 
erection.  This  nerve  arises  by  two  roots  at  the  sacral  plexus, 
from  the  first  to  the  third  sacral  nerves.  In  the  experi- 
ments referred  to,  by  a  comparison  of  the  quantity  of  venous 
blood  coming  from  the  penis  before  and  during  the  stimu- 
lation of  the  nerve,  Eckhard  found  a  great  increase  during 
erection.2     It  is  probable  that,  in  addition  to  the  arterial 

1  See  vol  i.,  Circulation,  p.  887. 

*  Eckhard,  Experimentalphysiologie  des  Nervensystems,  Giessen,  1866,  S.  287. 

Robin  ( Observations  sur  la  constitution  du  tissue  krectUe,  lues  d  la  Soctitt  de 
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dilatation,  when  the  penis  attains  its  maximum  of  rigidity, 
there  is  a  certain  amount  of  obstruction  to  the  outflow  of 
blood,  by  compression  of  the  veins,  and  that  the  rigidity  is 
increased  by  contraction  of  the  trabecular  muscular  fibres  of 
the  corpora  cavernosa. 

During  erection,  the  penis  becomes  exquisitely  sensitive, 
especially  at  the  glans ;  introduction  of  the  organ  into  the 
vagina,  pressure  by  the  constrictor  muscle,  and  friction  in- 
crease this  sensibility,  until  the  venereal  orgasm  occurs.  At 
this  time,  there  is  a  peculiar  and  indefinable  sensation,  al- 
most immediately  followed  by  spasmodic  contractions  of  the 
vesiculse  seminales  and  the  ejaculatory  muscles,  and,  at  the 
climax  of  the  orgasm,  the  semen  is  discharged  from  the  ure- 
thra with  considerable  force.  This  is  followed  by  a  feeling 
of  lassitude,  a  general  sense  of  fatigue  of  the  generative  or- 
gans, flaccidity  of  the  penis,  and  it  is  some  time  before  the 
venereal  appetite  can  be  again  excited.  Although  this  is  the 
physiological  mechanism  of  a  seminal  discharge,  friction  of 
the  parts  is  not  absolutely  necessary,  as  is  shown  by  the  oc- 
currence of  orgasm  during  sleep,  which  is  liable  to  take  place 
in  healthy  men  after  prolonged  continence. 

After  the  seminal  fluid  has  been  ejaculated  during  inter- 
course, the  generative  act,  as  far  as  the  male  is  concerned,  is 
accomplished.  It  now  remains  for  us  to  study  the  action  of 
the  female,  and  the  process  by  which  the  spermatozoids  are 
brought  in  contact  with  the  ovum. 

Action  of  the  Female. — If  we  can  credit  the  statements 
made  to  physicians  in  their  professional  intercourse — and 
we  have  no  other  reliable  source  of  information — there  are 
some  females,  in  whom  the  generative  function  is  performed, 
even  to  the  extent  of  bearing  children,  who  have  no  actual 
knowledge  of  a  true  venereal  orgasm ;  but  there  are  others 

Biologic  dans  sa  stance  du  27  aout,  1864,  p.  16)  was  the  first  t<5  distinctly  ascribe 
erection  to  dilatation  of  the  arteries  of  supply,  under  the  influence  of  the  nervous 
system,  without  obstruction  of  the  veins. 
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who  experience  an  orgasm  fully  as  intense  as  that  which 
accompanies  ejaculation  in  the  male.  There  is,  therefore, 
the  important  difference  in  the  sexes,  that  preliminary  ex- 
citement  and  an  orgasm  are  necessary  to  the  performance  of 
the  generative  act  in  the  male,  but  are  not  essential  in  the 
female.  Still,  there  can  be  scarcely  a  doubt  but  that  vene- 
real excitement  in  the  female  facilitates  conception,  other 
conditions  being  favorable. 

The  first  intercourse  in  the  female  is  usually  more  or  less 
painful,  on  account  of  rupture  of  the  hymen,  and  the  external 
organs  are  unduly  sensitive  until  the  parts  are  healed.  After 
this,  if  there  be  a  preliminary  excitement,  there  is  a  certain 
amount  of  erection  of  the  clitoris,  which  corresponds  to  the 
penis,  and  of  the  erectile  bulbs  situated  at  the  vaginal  ori- 
fice. There  is  also  an  increase  in  the  secretions  about  these 
parts,  and  even  an  ejaculation  from  two  glands  opening  near 
the  labia  minora,  called  the  glands  of  Bartholinus,  which 
correspond  to  the  glands  of  Cowper  in  the  male.  How  far 
the  internal  erectile  parts  participate  at  this  time,  it  is  dif- 
ficult to  determine.  By  the  friction  against  the  clitoris, 
which,  at  its  maximum  of  erection,  is  directed  toward  the 
axis  of  the  vagina,  against  the  vaginal  walls,  and  probably, 
also,  by  the  contact  of  the  glans  penis  with  the  neck  of 
the  uterus,  the  excitement  of  the  female  increases,  the  ves- 
sels of  the  vagina  become  turgid,  the  secretion  of  mucus 
by  the  external  organs  becomes  abundant,  and  this  finally 
culminates  in  an  orgasm,  similar  to  that  experienced  by  the 
male,  with  a  farther  increase  in  the  secretion  of  the  glands 
at  the  vaginal  orifice.  As  we  have  stated  in  our  history  of 
the  discharge  of  the  ovum  from  the  Graafian  follicle,  this 
congestion  and  excitement  may  hasten  the  rupture  of  a  ripe 
follicle  in  the  human  female,  as  it  undoubtedly  does  in  many 
of  the  lower  animals;  but  follicles  certainly  rupture  inde- 
pendently of  coitus.  There  is  a  certain  degree  of  lassitude 
in  the  female  following  sexual  intercourse,  but  this  is  usually 
not  so  marked  or  so  prolonged  as  in  the  male. 


i 


FECUNDATION.  337 

The  most  important  physiological  point  in  this  connec- 
tion is  with  regard  to  the  probable  action  of  the  internal  or- 
gans of  the  female  during  sexual  excitement.  We  have  al- 
ready studied  what  has  been  described  by  Rouget  as  the 
erectile  tissue  of  the  uterus  and  ovaries.  Whether  this  be  or 
be  not  a  true  erectile  tissue,  seems  to  be  rather  a  question  of 
definition.  The  blood-vessels  certainly  have  an  erectile  ar- 
rangement; still,  they  are  not  enclosed  by  those  distinct, 
fibrous  trabecule  which  are  observed  in  the  penis.  In  the 
body  of  the  uterus  and  in  the  ovaries,  the  idea  of  erection 
during  sexual  excitement  rests  simply  upon  anatomical  de- 
scriptions and  artificial  distention  of  the  vessels  after  death, 
and  the  parts  cannot  be  investigated  during  life ;  but  it  is 
different  with  the  neck  of  the  uterus,  as  we  shall  see  farther 
on ;  and,  upon  this  point,  we  may  refer  to  a  very  remarkable 
paper,  by  Dr.  Joseph  R.  Beck,  of  Fort  Wayne,  Indiana,  which 
has  hardly  received,  in  this  country,  the  attention  it  deserves.1 
Dr.  Beck's  observations  relate  to  the  question,  "  How  do  the 
spermatozoa  enter  the  uterus  f "  and,  when  we  consider  that  it 
has  been  positively  demonstrated  that  spermatozoids  find 
their  way  to  the  surface  of  the  ovaries,  we  can  appreciate  the 
importance  of  any  reliable  observations  with  regard  to  the 
action  of  the  internal  organs  during  coitus. 

August  11, 1872,  Dr.  Beck  was  called  to  see  a  lady,  thirty- 
two  years  of  age,  of  nervous  temperament,  blonde,  married 
eight  years,  with  one  child,  a  son,  living  and  seven  years 
old.  She  had  an  abortion  six  years  before,  and  has  suffered 
from  symptoms  indicating  uterine  disease  ever  since.  She 
commenced  to  menstruate  at  fourteen.  Examination  with 
the  finger  showed  that  the  os  uteri  was  just  inside  the  vulva, 
and  Mcintosh's  stem-pessary  was  introduced.  The  rest  of 
the  history,  as  the  observation  is  so  remarkable,  we  quote 
in  full : 

"  Calling  at  the  residence  of  the  patient  next  day,  for  the 

1  Beck,  How  do  the  Spermatozoa  enter  the  ITterue  f — Saint  Lome  Medical  and 
Surgical  Journal,  1872,  New  Series,  vol.  ix.,  p.  449,  et  eeq. 
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purpose  of  adjusting  the  uterine  supporter,  I  made  an  exami- 
nation by  the  touch,  and  upon  introducing  my  finger  between 
the  pubic  arch  and  the  anterior  lip  of  the  prolapsed  cervix,  I 
was  requested  by  her  to  be  very  careful  in  manipulating 
those  parts,  as  she  was  very  prone,  by  reason  of  her  passion- 
ate nature,  to  have  the  sexual  orgasm  produced  by  a  very 
slight  contact  of  the  finger.  Indeed  she  stated  that  this  had 
more  than  once  occurred  to  her,  when  making  digital  inves- 
tigation of  herself.  Here  then  was  an  opportunity  never  be- 
fore offered  any  one  to  my  knowledge,  and  one  not  to  be 
lost  on  any  consideration.  Carefully  separating  the  vulvae 
with  my  left  hand,  so  that  the  os  uteri  was  brought  clearly 
into  view  in  a  strong  light,  I  swept  the  right  forefinger 
across  the  cervix  twice  or  three  times,  when  almost  immedi- 
ately the  orgasm  occurred,  and  the  following  is  what  was  pre- 
sented to  my  view : 

"  The  os  and  cervix  uteri  had  been  firm,  hard,  and  gen- 
erally in  a  normal  condition,  with  the  os  closed  so  as  not  to 
admit  the  uterine  probe  without  difficulty ;  but  immediately 
the  os  opened  to  the  extent  of  fully  an  inch,  made  five  or  six 
successive  gasps,  drawing  the  external  os  into  the  cervix  each 
time  powerfully,  and  at  the  same  time  becoming  quite  soft 
to  the  touch.  All  these  phenomena  occurred  within  the  space 
of  twelve  seconds  time  certainly,  and  in  an  instant  all  was  as 
before ;  the  os  had  closed,  the  cervix  hardened,  and  the  rela- 
tion of  the  parts  had  become  as  before  the  orgasm. 

"  Now  I  carefully  questioned  my  patient  as  to  the  nature 
of  the  sensations  experienced  by  her  at  the  period  of  excite- 
ment, and  she  was  positive  that  they  were  the  same  in  quality 
as  they  ever  were  during  coition,  even  before  the  occurrence 
of  the  prolapse ;  but  admits  that  they  were  not  exactly  the 
same  in  quantity ^  believing  that  during  coition  the  orgasm 
had  lasted  fofl^r^although  not  at  all  or  in  any  respect  dif- 
ferent as  to  sensation.  I  had  almost  forgotten  to  make  men- 
tion of  the  intense  congestion  of  the  parts  during  the  '  crisis,' 
and  introduce  the  statement  here." 
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Certainly,  the  description  we  have  just  quoted  is  suffi- 
ciently graphic,  and  the  mechanism  of  the  penetration  of 
spermatozoids  into  the  uterus,  if  this  be  the  action  of  the 
cervix  during  an  orgasm,  seems  simple  enough;  but  it  can- 
not explain  fecundation,  when  it  occurs,  as  it  undoubtedly 
may,  without  orgasm.  In  physiological  literature,  we  find 
numerous  allusions  to  a  suction  force  exerted  by  the  uterus 
during  coitus,  but  this  is  most  frequently  stated  as  of  pos- 
sible or  probable  occurrence,  without  being  sustained  by  any 
positive  observations.1  Still,  as  early  as  1846,  we  find  a  di- 
rect observation,  recorded  by  Litzmann,  as  follows : 

After  quoting  remarks  of  a  similar  nature,  made  by 
Bond,  Vallisneri,  Dionis,  Haller,  and  Giinther,  Litzmann 
states :  "  I  myself  lately  had  the  opportunity,  in  an  internal 
exploration  of  a  young  and  very  erethistic  female,  of  observ- 
ing that  suddenly  the  uterus  assumed  a  more  perpendicular 
position,  was  drawn  more  deeply  into  the  pelvis,  the  lips  of 
the  os  uteri  immediately  became  separated,  the  os  became 
rounded,  softer  and  accessible  to  the  finger,  and  immediately 
the  highest  sexual  excitement  was  betrayed  by  the  respira- 
tion and  voice."  * 

In  considering  the  mechanism  of  the  penetration  of  sper- 
matozoids into  the  uterus,  it  is  also  necessary  to  take  into  ac- 
count the  secretions,  particularly  of  the  mucous  glands  at  the 

1  Pouchet  (Th&orie positive  de  V ovulation  spontarU*  et  de  la  fecondation,  Paris, 
1647,  p.  887),  in  treating  of  the  question  of  penetration  of  Bpermatozoids  in  con- 
nection with  a  "  convulsive  spasm "  of  the  internal  organs  daring  intercourse, 
makes  the  following  statement : 

"  According  to  my  view,  the  spasm  in  question,  by  energetically  contracting 
the  uterus  and  the  tubes  during  intercourse,  tends  to  diminish  the  capacity  and 
abolish  the  cavity  of  these  organs,  so  that,  during  this  action,  the  contained  mu- 
cus is  totally  expelled.  But,  when  the  spasm  ceases,  the  uterus  and  the  tubes 
dilating  give  again  to  their  cavity  the  ordinary  capacity,  and  then,  by  simple  hy- 
drostatic laws,  the  seminal  fluid  discharged  into  the  vagina  is  in  part  drawn  into 
the  uterus ;  it  then  enters  its  cavity  in  greater  or  less  abundance,  and  finally  ex- 
tends into  the  canals  which  lead  from  it." 

9  Litzmann,  Schwangertchaft,  in  Wagnxr,  Eandwbrterbuch  dtr  Physiologic 
Braunschweig,  1846,  Bd.  ill,  Erste  Abtheilung,  S.  58. 
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neck.  Despr^s  mentions  a  fluid  secreted  by  glands  in  the  cer- 
vix uteri,  which  is  ejaculated  during  the  orgasm  and  f acili 
tates  the  entrance  of  spermatozoids.1  Most  writers  of  the  pres- 
ent day  admit  that,  during  the  height  of  the  orgasm,  there  is 
an  ejaculation  from  the  uterus  of  a  small  amount  of  alkaline 
mucus."  That  an  erection  of  the  cervix,  followed  by  sudden  re- 
laxation and  opening  of  the  os,  may  occur,  cannot  be  doubted, 
and  there  is  no  evidence  of  a  muscular  action  in  the  uterus 
sufficient  to  project  this  fluid  forcibly,  as  the  semen  is  dis- 
charged by  the  male.  Assuming  that  the  views  just  stated 
be  correct,  we  can  readily  understand  how  the  neck  may  be 
erected  and  hardened  during  the  orgasm,  extruding  an  alka- 
line  mucus,  that  the  semen  is  ejaculated  forcibly  toward  the 
uterus  and  becomes  mixed  with  the  mucus,  and  that  the  sud- 
den relaxation  of  the  cervix  and  opening  of  the  os  may  exert 
a  force  of  aspiration,  and  thus  draw  in  the  fecundating  ele- 
ments. Certain  it  is  that  spermatozoids  may  be  found  in  the 
mucus  of  the  cervix  a  very  short  time  after  coitus.  It  is  pos- 
sible, also,  that  the  sexual  connection  may  be  occasionally 
even  more  intimate,  and  that  a  portion  of  the  glans  penis 
may  be  actually  embraced  by  the  dilated  cervix,  though  this 
must  be  unusual.  This  latter  idea  of  the  establishment  of  a 
u  continuous  canal "  during  intercourse  is  one  that  was  ad- 
vanced by  many  of  the  older  writers. 

Rather  a  strong  argument  in  favor  of  the  view  that  the 
spermatozoids  are  imprisoned,  as  it  were,  in  the  cervical  mu- 
cus soon  after  ejaculation,  is  the  fact  that  vaginal  injections 
immediately  after  intercourse,  which  are  frequently  resorted 
to  to  jfrevent  conception,  often  fail  to  produce  the  desired 
result,  even  when  they  are  so  thorough  as  to  wash  out  the 
vagina  completely. 

While  we  must  accept  as  probable  the  view  that  the  ute- 

1  DssFR&a,  TraitS  iconographique  de  Vvich-atum  et  dee  ulcere*  duoolde  Vvtirus, 
Paris,  1870,  p.  19,  et  *eq. 

8  Wernich,  XTeber  die  Erectionxfdhigkeit  de$  unteren  UterueabeefmiUee  und 
ihre  Bedeutung.—Beitrtige  rur  Geburkhidfe  und  Qyniticologie,  Berlin,  1872,  BdL 
i.,  S.  801. 
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rus  may  draw  into  the  neck  an  alkaline  mucus  previously 
ejaculated,  and  with  it  a  certain  amount  of  seminal  fluid,  the 
fact  that  conception  may  take  place  without  orgasm  on  the 
part  of  the  female,  and  even  without  complete  penetration 
of  the  male  organ,  shows  that  the  action  we  have  described 
is  not  absolutely  essential,  and  that  the  semen  may  find  its 
way  into  the  uterus  in  some  other  way,  which  it  is  certainly 
very  difficult  to  explain. 

Course  of  the  Spermatozoids  through  the  Female  Generative 

Passages. 

The  spermatozoids,  once  within  the  cervix  uteri,  and  in 
contact  with  the  alkaline  mucus,  which  increases  the  activity 
of  their  movements,  may  pass  through  the  uterus,  into  the 
Fallopian  tubes,  and  even  to  the  surface  of  the  ovaries.  Pre- 
cisely how  their  passage  is  effected,  it  is  impossible  to  say. 
We  can  only  attribute  it  to  the  movements  of  the  sperma- 
tozoids themselves,  to  capillary  action,  and  to  a  possible  pe- 
ristaltic action  of  the  muscular  structures,  and  must  acknowl- 
edge that  these  points  have  as  yet  been  incapable  of  positive 
demonstration. 

In  a  very  interesting  memoir  by  Lott,  which  contains  nu- 
merous observations  bearing  on  the  mechanism  of  conception, 
the  experiments  upon  the  behavior  of  the  spermatozoids  un- 
der the  microscope,  in  the  presence  of  currents  observed  in 
the  liquid  between  the  two  plates  of  glass,  develop  some  very 
curious  points.  It  was  shown,  in  these  experiments,  that  mo- 
tionless spermatozoids  followed  the  currents  freely ;  that  when 
the  current  in  any  part  of  the  field  was  strong,  the'moving 
spermatozoids  were  carried  along  with  it;  but  that  when 
the  current  was  comparatively  feeble,  spermatozoids  endowed 
with  active  movements  made  their  way,  as  it  were,  against 
it.1  In  reflecting  upon  these  observations,  it  has  seemed  to 
us  that  they  offered  an  explanation,  to  a  certain  extent,  of  the 

1  Lott,  Zwr  Anaiomie  und  Phynohgie  det  Cervix  Uteri,  Erlangen,  1872,  a 
189. 
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passage  of  spermatozoids  in  the  Fallopian  tubes  toward  the 
ovaries.  It  is  undoubtedly  true  that  the  ciliary  motion  in 
the  Fallopian  tubes,  in  which  the  direction  is  from  the  ova- 
ries toward  the  uterus,  would  produce  a  feeble  current. 
This  current  would  naturally  direct  the  heads  of  the  sperma- 
tozoids toward  the  interior,  provided  it  were  not  too  power- 
ful, and  the  movements  of  progression  would  therefore  be 
from  without  inward.  A  little  reflection  makes  it  evident 
that,  with  a  feeble  current  in  the  Fallopian  tubes  from  with- 
in  outward,  the  spermatozoids,  if  the  current  were  not  strong 
enough  to  carry  them  with  it,  could  only  progress  in  the  op- 
posite direction ;  but  this  cannot  explain  the  passage  of  the 
spermatozoids  through  the  uterus  itself,  where,  according  to 
the  best  authorities,  the  ciliary  current  is  from  without  in- 
ward 

As  regards  the  human  female,  we  cannot  give  a  definite 
idea  of  the  time  required  for  the  passage  of  the  spermato- 
zoids to  the  ovaries  or  for  the  descent  of  the  ovum  into  the 
uterus;  and  it  is  readily  understood  how  these  questions 
are  almost  incapable  of  experimental  investigation.  We 
know,  however,  that  spermatozoids  reach  the  ovaries,  and 
they  have  been  seen  in  motion  on  their  surface  seven  or 
eight  days  after  connection.1 

There  are  many  elements  of  uncertainty  in  all  investiga- 
tions as  to  the  usual  or  the  normal  situation  of  fecundation. 
As  the  spermatozoids  are  found  in  movement  in  all  parts  of 
the  generative  passages,  the  question  resolves  itself  into  that 
of  the  duration  of  vitality  of  the  ovum  after  its  discharge ; 
and  here  we  must  rely  exclusively  upon  observations  made 
on  the  inferior  animals.  Coste,  who  demonstrated  beyond  a 
doubt  that  fecundation  occurs  in  fowls  at  or  very  near  the 
ovary,  recognized  fully  the  difficulties  attending  similar  ex- 
periments on  mammals.  He  succeeded,  however,  in  two  ob- 
servations on  rabbits,  in  which  copulation  took  place  after 
the  period  of  heat  and  some  time  after  the  discharge  of  ova. 

1  Kolliur,  AemenU  tihMogie  humoint,  Paris,  1868,  p.  662. 
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In  both  of  these,  he  found  ova  at  the  superior  extremity  of 
the  cornua  of  the  uterus,  a  position  which  he  had  found  that 
the  ova  reached  toward  the  end  of  the  third  day.  These  ova, 
which  were  apparently  advanced  in  decomposition,  present- 
ed no  evidence  of  fecundation,  and  were  enveloped  in  a  dense 
zone  of  albumen  which  they  had  received  from  the  Fallopian 
tubes.  They  were  surrounded  by  spermatozoids  in  active 
movement,  but  none  had  penetrated  the  adventitious  albu- 
minous covering.  From  these  observations,  the  conclusion  is 
deduced  that  fecundation  can  only  take  place  at  the  ovary  or 
in  the  most  dilated  portion  of  the  Fallopian  tubes.1  When 
we  come  to  apply  these  observations  to  the  human  subject, 
we  have,  in  confirmation  of  them,  only  the  abnormal  phe- 
nomenon of  abdominal  pregnancy,  which  cannot  occur  unless 
the  ovum  have  been  fecundated  at  the  ovary,  afterward  falling 
into  the  abdominal  cavity  instead  of  passing  to  the  uterus. 
^  Still,  the  fact  that  conception  may  follow  a  single  intercourse 
occurring  at  any  time  with  reference  to  the  menstrual  period 
throws  a  doubt  upon  the  theory  that  fecundation  takes  place 
only  at  or  near  the  ovary ;  and  another  element  of  uncer- 
tainty is  in  the  fact  that  we  do  not  know  positively  that 
ovulation  takes  place  at  any  definite  time  before,  during,  or 
after  the  menstrual  period,  nor  do  we  know  precisely  how 
long  the  spermatozoids  may  retain  their  vitality  in  the  female 
generative  passages. 

The  question  of  the  duration  of  vitality  of  the  spermato- 
zoids after  their  passage  into  the  uterus  has  an  important 
bearing  upon  the  time  when  conception  is  most  liable  to  fol- 
low sexual  intercourse.  The  alkaline  mucus  of  the  internal 
organs  actually  favors  their  movements ;  the  movements  are 
not  arrested  by  contact  with  menstrual  blood;  and,  indeed, 
when  the  spermatozoids  are  mixed  with  the  uterine  mucus, 
they  simply  change  their  medium,  and  there  is  no  reason  to 
believe  that  they  may  not  retain  their  vitality  as  well  as 
in  the  mucus  of  the  vesiculse  seminales.    We  cannot,  there- 

1  Costs,  Dhdoppemeni  des  corp$  organists,  Paris,  1859,  tome  ii.,  p.  79,  et  seq. 
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fore,  fix  any  limit  to  the  vitality  of  these  anatomical  elements 
under  physiological  conditions ;  and  we  cannot  say  positively 
that  spermatozoids  may  not  remain  in  the  Fallopian  tubes 
and  around  the  ovary,  when  intercourse  has  taken  place  im- 
mediately after  a  menstrual  period,  until  the  ovulation  follow- 
ing. There  is  an  idea,  based  upon  rather  general  and  indefi- 
nite observation,  that  conception  is  most  liable  to  follow  an 
intercourse  which  occurs  soon  after  a  monthly  period ;  but  it 
is  certain  that  it  may  occur  at  any  time.  It  is  extremely 
probable  that,  during  the  unusual  sexual  excitement  which 
the  female  generally  experiences  after  a  period,  the  action  of 
the  internal  organs  attending  and  following  coitus  presents 
the  most  favorable  conditions  for  the  penetration  of  the  fe- 
cundating elements,  and  this  may  explain  the  more  frequent 
occurrence  of  conception  as  a  consequence  of  intercourse  at 
this  time. 

Mechcmism  of  Fecundation. — In  considering  the  intimate 
mechanism  of  fecundation,  we  may  begin  with  the  proposi 
tion  that  this  is  accomplished  by  an  actual  union  of  the  sub- 
stance of  the  ovum  with  a  greater  or  less  number  of  sperma- 
tozoids. This  fact,  which  has  long  since  been  positively  de- 
monstrated by  experiments,  affords  a  material  explanation  of 
hereditary  transmission,  not  only  of  maternal,  but  of  paternal 
physical  and  mental  qualities. 

There  are  many  questions  connected  with  hereditary  trans- 
mission, which,  if  they  were  susceptible  of  any  thing  ap- 
proaching a  positive  scientific  explanation,  would  be  of  great 
interest  and  might  appropriately  be  discussed  in  a  work 
on  physiology ;  but,  although  the  facts  of  hereditary  influ- 
ence, as  regards  the  inheritance  both  of  physiological  and 
morbid  attributes  and  tendencies,  the  influence  of  the  mater- 
nal mind  on  the  development  of  the  foetus,  the  effects  of  pre- 
vious pregnancies,  etc.,  cannot  be  doubted,  their  consideration 
would  involve  little  more  than  a  mere  enumeration  of  re- 
markable phenomena. 
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The  first  question  which  naturally  arises,  and  which  has 
engaged  the  attention  of  ancient  as  well  as  modern  authors, 
relates  to  the  conditions  which  determine  the  sex  of  the  off- 
spring. The  older  writers,  whose  exact  physiological  knowl- 
edge was  comparatively  limited,  were  able  to  present  explana- 
tions of  some  of  the  phenomena  of  generation,  which  were 
more  or  less  satisfactory  in  their  day ;  but  many  of  these  have 
been  contradicted  by  more  recent  facts,  which  have  only  ren- 
dered the  causes  of  the  phenomena  more  obscure.  Iconoclasm 
in  physiology  is  almost  a  necessary  consequence  of  the  acqui- 
sition of  definite  knowledge ;  and  too  often  the  exact  student 
must  fail  to  substitute  any  thing  to  supply  the  places  of  the 
broken  images  of  antiquity.  This  is  illustrated  in  the  ques- 
tion of  the  determination  of  the  sex  of  offspring.  Statis- 
tics show  clearly  enough  the  proportions  between  male  and 
female  births ;  but  nothing  has  ever  been  done  in  the  way 
of  procreating  male  or  female  children  at  will.  According 
to  Longet,  the  proportion  of  male  to  female  births  is  about 
104  to  105,&  these  figures  presenting  certain  modifications 
under  varying  conditions  of  climate,  season,  nutrition,  etc. ; 
Girou  de  Buzareingues  has  shown,  by  very  extensive  observar 
tions  upon  certain  of  the  inferior  animals,  that  the  prepon- 
derance of  sex  in  births  bears  a  certain  degree  of  relation  to 
the  vigor  and  age  of  the  parents ;  and  that  old  and  feeble 
females  fecundated  by  young  and  vigorous  males  bring  forth 
a  greater  number  of  males,  and  vice  versa ;  *  but  no  exact 
laws  of  this  kind  have  been  found  applicable  to  the  human 
subject.  The  idea  that  one  testicle  produces  males  and  the 
other,  females,  or  that  the  two  ovaries  have  distinct  func- 
tions in  this  regard,  has  no  foundation  in  fact ;  for  men  with 
one  testicle,  or  females  with  a  single  ovary,  produce  offspring 
of  both  sexes.' 

1  Longet,  Trait*  de  phynologie,  Paris,  1869,  tome  ill.,  p.  821. 

'  Girou  di  Buzareingues,  Reproduction  dee  animauz  domestique*. — Journal 
de  physiologic,  Paris,  1827,  tome  vii.,  pp.  127,  182  ;  Idem.,  1828,  tome  viil,  p. 
10  ;  Be  la  generation,  Paris,  1828,  p.  133,  et  eeq. 

'  A  very  interesting  case  bearing  upon  the  question  under  consideration  has 
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Two  ideas  with  regard  to  the  determination  of  sex  in  the 
foetus  have  obtained  at  different  times.  One  of  these  is  that 
the  sex  is  dependent  upon  nutritive  or  other  conditions  sub- 
sequent to  fecundation,  and  the  other,  that  the  sex  is  deter- 
mined at  the  time  of  union  of  the  male  with  the  female 
element.  Of  these  two  opinions,  the  weight  of  evidence 
appears  to  be  in  favor  of  the  latter.  Aside  from  facts  in 
comparative  physiology,  it  is  pretty  certain  that  several  sper- 
matozoids  are  necessary  for  the  fecundation  of  a  single  ovum. 
It  may  be  that,  when  just  enough  of  the  male  element  unites 
with  the  ovum  to  secure  fecundation,  or  when  it  might  be 
said  that  the  female  element  predominates,  the  foetus  is  a 
female,  and  when  a  greater  number  of  spermatozoids  unite 
with  the  vitellus,  the  male  sex  is  determined.  Such  an  idea, 
however,  is  purely  theoretical ;  and  the  question  of  the  deter- 
mination of  sex  presents  thus  far  hardly  the  shadow  of  a 
satisfactory  explanation. 

No  definite  rule  can  be  laid  down  with  regard  to  the  trans- 
mission of  mental  or  physical  peculiarities  to  offspring. 
Sometimes  the  prpgeny  assumes  more  the  character  of  the 
male  than  of  the  female  parent,  and  sometimes  the  reverse  is 
the  case,  without  any  reference  to  the  sex  of  the  child ;  some- 
times there  appears  to  be  no  such  relation ;  and  occasionally 
we  note  peculiarities  derived  apparently  from  grandparents. 
This  is  true  with  regard  to  pathological  as  well  as  physio- 
logical peculiarities,  as  in  inherited  tendencies  to  certain  dis- 
eases, malformations,  etc. 

A  peculiar,  and,  it  seems  to  be,  an  inexplicable  fact  is 
that  previous  pregnancies  have  an  influence  upon  offspring. 
This  is  well  known  to  breeders  of  animals.  If  a  pure-blooded 
mare  or  bitch  have  been  once  covered  by  an  inferior  male, 

lately  been  reported  by  Prof.  Marzolo,  of  Padua.  In  a  patient,  thirty-four  yean 
of  age,  the  left  ovary  was  removed  for  cystic  tumor.  The  woman  recovered 
from  the  operation,  and  became  pregnant  about  a  year  after.  She  was  delivered 
at  full  term  of  twins,  a  male  and  a  female,  and  both  of  the  children  did  welL 
(Gazette  medical*  de  ParU,  1873,  No.  44,  p.  582.) 
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in  subsequent  fecundations,  the  young  are  apt  to  partake 
of  the  character  of  the  first  male,  even  if  they  be  after- 
ward bred  with  males  of  unimpeachable  pedigree.  What 
the  mechanism  of  the  influence  of  the  first  conception  is,  we 
can  form  no  definite  idea ;  but  the  fact  is  incontestable.  The 
same  influence  is  observed  in  the  human  subject.  A  woman 
may  have,  by  a  second  husband,  children  who  resemble  a 
former  husband,  and  this  is  particularly  well  marked  in  cer- 
tain instances  by  the  color  of  the  hair  and  eyes.  A  white 
woman  who  has  had  children  by  a  negro  may  subsequently 
bear  children  to  a  white  man,  these  children  presenting  some 
of  the  unmistakable  peculiarities  of  the  negro  race. 

Superf  ecundation l  of  course  does  not  come  in  the  cate- 
gory of  influences  such  as  we  have  just  mentioned.  It  is  not 
infrequent  to  observe  twins,  when  two  males  have  had  access 
to  the  female,  which  are  entirely  distinct  from  each  other  in 
their  physical  character ;  a  fact  which  is  readily  explained  by 
the  assumption  that  two  ova  have  been  separately  fecun- 
dated. This  view  is  entirely  sustained  by  observation  and 
experiment.  Cases  illustrating  this  point  are  numerous,  but 
we  cite  the  two  following,  simply  to  add  to  the  number  of 
positive  observations. 

In  May,  1869,  we  received  the  following  written  comma- 

1  Superfecondation,  by  which  we  mean  the  fecundation  of  a  second  ovum 
after  one  has  already  been  fecundated,  certainly  may  take  place,  as  has  been 
shown  by  cases  of  twins  presenting  entirely  different  physical  characteristics. 
The  possibility  of  superfoatation,  by  which  we  understand  fecundation  of  a  sec- 
ond ovum  after  the  first  has  undergone  considerable  development,  has  been 
doubted  by  many  authors.  In  1855,  Prof.  Barker  reported  a  very  interesting 
case  of  double  vagina  with  double  uterus;  and  this  woman,  having  given 
birth  to  a  well-developed  child,  a  boy,  nine  months  and  one  day  after  her  mar- 
riage, seventy-four  days  after  the  birth  of  this  child,  was  delivered  of  a  girl.  One 
month  after  the  birth  of  the  second  child,  she  was  nursing  both  children,  who 
were  doing  well.  (Fordtgb  Barker,  Case  of  SuperfcUaiion. — American  Medi- 
cal Monthly \  New  York,  1855,  voL  iv.,  p.  864.)  Dr.  A.  E.  M.  Purdy,  of  New 
York,  has  had  for  some  time  under  observation  the  case  of  a  young  girl  with  a 
double  vagina  and  a  double  os  uteri.  A  full  report  of  this  case  will  shortly  be 
published. 
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nication  from  Dr.  Amos  Sawyer,  of  Hillsboro,  Illinois,  who 
seems  to  have  been  a  close  observer  of  physiological  points 
in  the  breeding  of  animals : 

«  Mr.  Adam  Vettle,  residing  two  and  a  half  miles  south- 
west of  Nocomis,  Montgomery  County,  Illinois,  during  the 
spring  of  1868,  bred  a  mare  to  his  stallion.  A  few  nights 
thereafter  (he  thinks  a  week)  his  jack  '  broke  loose '  and  staid 
with  the  mare  until  morning — she  still  being  in  heat.  A  few 
days  ago,  she  gave  birth  to  twins,  one  a  horse,  the  other  a 
mule  colt,  both  alive  and  doing  well." 

The  following  very  interesting  communication  was  re- 
ceived in  January,  1869,  from  Dr.  John  H.  Janeway,  Assist- 
ant Surgeon  XJ.  S.  A.,  and  illustrates  superf ecundation  in  the 
human  subject ;  or,  at  least,  that  was  the  view  taken  by  the 
negro  father : 

"  Frances  Hunt,  a  f  reedwoman,  aged  thirty-five  years,  gave 
birth  to  twins,  February  4,  1867,  in  New  Kent  County,  Vir- 
ginia. One  of  these  twins  was  black,  the  other  was  white. 
Frances  is  a  mulatto.  The  black  child  is  much  darker  than 
she  is.  Previous  to  the  parturition,  she  had  given  birth  to 
seven  children,  all  single  births.  She  was  living  at  the  time 
of  her  impregnation  in  the  family  of  a  white  man  as  house- 
servant,  sleeping  with  a  black  man  at  night.  She  insists,  how- 
ever, that  she  never  had  carnal  intercourse  with  a  white  man. 
She  probably  does  this  because  the  black  man  turned  her  out 
of  his  house  when  he  saw  that  one  of  the  children  was  white." 

This  history  was  accompanied  by  an  excellent  photograph 
of  the  mother  and  the  two  children,  a  copy  of  which  is  given 
in  Fig.  33.  One  of  the  children  has  the  color  and  all  the 
characteristics  of  the  negro,  and  the  other  looks  like  a  white 
child.  "  The  mother  and  children  were  inmates  of  Howard 
Grove  Hospital  near  this  city  (Richmond),  where  the  picture 
was  taken,  and  I  saw  them  frequently.  Both  children  are 
now  dead.  The  black  one  died  first,  teething,  the  other  was 
killed  by  a  tobacco-plaster  applied  to  its  abdomen,  it  is  sup- 
posed by  its  mother. 
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"  The  only  negro  feature  in  the  white  child  was  its  nose. 
There,  its  resemblance  to  its  mother  was  perfect.  Its  hair 
was  long,  light,  and  silky.     Complexion  brilliant." ' 


Mulatto  mother  with  twlnn,  one  white  mid  the  other  bbc  t. — from  a  photograph. 

"We  have  already  referred  to  the  carious  fact  that,  when  a 
cow  gives  birth  to  twins,  one  male  and  the  other  female,  the 

1  The  very  interesting  cue  just  died  Is  not  unique  in  thia  country.  Dungli- 
son,  in  addition  to  the  well-known  case  quoted  by  Buff™,  which  ia  often  referred 
to  by  European  writers,  gives  several  instances  of  twine  of  different  races,  and 
says  that  this  in  not  uncommon  where  negro  slavery  exists.  (Dun 
man  Phytioiogg,  Philadelphia,  1856,  vol.  ii,  p.  18.1) 
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female,  which  is  called  a  free-martin,  is  sterile,  and  presents 
an  imperfect  development  of  the  internal  organs  of  genera- 
tion.1 This  has  led  to  the  idea  that  possibly  the  same  law 
may  apply  to  the  human  subject,  in  cases  of  twins,  one  male 
and  the  other  female ;  but  numerous  observations  are  recorded 
in  gynaecological  works,  showing  the  incorrectness  of  this 
view,  to  which  we  may  add  the  following:  The  author  of  the 
report  on  Rinderpest  to  the  New  York  State  Agricultural 
Society,  1867,  stated  that  his  father  was  one  of  twins,  male 
and  female,  and  that  his  father's  twin  sister  had  borne  sev- 
eral children. 

It  has  long  been  a  question  whether  impressions  made  on 
the  nervous  system  of  the  mother  can  exert  an  influence  upon 
the  foetus  in  utero.  While  many  authors  admit  that  violent 
emotions  experienced  by  the  mother  may  affect  the  nutrition 
and  the  general  development  of  the  foetus,  some  writers  of 
high  authority  deny  that  the  imagination  can  have  any  influ- 
ence in  producing  deformities.*  It  must  be  admitted  that 
many  of  the  remarkable  cases  recorded  in  works  on  physi- 
ology as  instances  of  deformity  due  to  the  influence  of  the 
maternal  mind  are  not  reliable.  It  is  often  the  case  that, 
when  a  child  is  born  with  a  deformity,  the  mother  imagines 
she  can  explain  it  by  some  impression  received  during 
pregnancy,  which  she  only  recalls  after  she  knows  that  the 
child  is  deformed.  Still,  there  are  cases  which  cannot  be 
doubted,  but  which,  in  the  present  state  of  our  knowledge  of 
development  and  the  connection  between  the  mother  and  the 
foetus,  we  cannot  attempt  to  explain.  Prof.  Dalton,  whose 
accuracy  upon  such  a  point  cannot  be  questioned,  noted  the 
following :  While  he  was  lecturing  upon  the  subject  of  gen- 
eration at  the  College  of  Physicians  and  Surgeons  of  New 
York,  the  janitor  of  the  college  called  his  attention  to  his 
child,  which  presented  a  deformity  of  the  external  ear,  as 

1  See  page  808. 

'  Isidore  Geoffrey  Saint-Hilaire,  Anomalies  de  Vorgamzation  chez  Vhomme 
et  let  animauz,  Braxelles,  1887,  tome  Hi.,  p.  891. 
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though  a  portion  had  been  taken  off  with  a  sharp  instru- 
ment The  janitor  stated  that  his  wife,  during  her  preg- 
nancy, dreamed  that  she  saw  a  man  with  a  similar  deformity. 
This  dream  was  very  vivid,  and  she  immediately  related  it  to 
her  husband.  They  both  believed  that  this  was  the  cause  of 
the  deformity  of  the  child.*  It  will  be  remarked,  however, 
that  this  case  rests  on  the  evidence  of  the  husband,  and  was 
not  mentioned  to  Prof.  Dalton  until  after  the  child  was  born. 
As  such,  it  might  be  rejected  as  one  of  those  instances  in 
which  the  explanation  is  a  statement  following  a  knowledge 
of  the  deformity.  Still,  we  ourselves  know  the  husband  to 
be  an  intelligent  man,  and  believe  that  his  statement  of  the 
circumstances  is  reliable. 

Union  of  the  Male  with  the  Female  Element  of  Genera- 
tion.— The  first  important  step  in  our  positive  knowledge  of 
the  mechanism  of  fecundation  was  the  discovery  of  the  sper- 
matozoids,  in  1677,  to  which  we  have  already  referred ;  the 
second  was  the  demonstration,  by  Spallanzani,  in  his  experi- 
ments upon  artificial  fecundation,  that  when  the  seminal  fluid 
is  carefully  filtered,  the  liquid  which  passes  through  has  no 
fecundating  properties,  the  male  element  remaining  on  the 
filter ;  and  the  third  was  the  demonstration  of  the  presence 
of  spermatozoids  within  the  vitelline  membrane,  showing 
that  fecundation  consists  in  a  direct  union  of  the  male  with 
the  female  element. 

Spallanzani  filtered  the  seminal  fluid  of  frogs,  and  found 
that  its  fecundating  properties  were  diminished  in  propor- 
tion as  the  filtration  was  thorough,  and  that  the  fluid  was  in- 
active when  filtered  through  six  or  seven  papers ;  but,  when 
the  substance  remaining  on  the  filters  was  taken  and  mixed 
with  water,  this  readily  fecundated  ova.  Spallanzani  also 
made  a  number  of  interesting  experiments  upon  artificial  fe- 
cundation in  mammals.  In  connection  with  Prof.  Rossi,  he 
injected  seminal  fluid  from  a  dog  into  a  bitch  in  heat,  on 

1  Communication  from  Pro£  Dalton. 
158 
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I  four  occasions,  at  intervals  of  one  or  two  days.  Sixty-two 
days  after  the  first  injection,  the  bitch  had  four  pups,  which 
resembled  the  male  as  well  as  the  female.  With  the  semen 
of  the  same  dog,  he  attempted  to  fecundate  two  cats  in  heat, 
but  was  unsuccessful,  although  the  experiments  were  made 
in  the  same  way  as  with  the  bitch.1  It  is  not  easy  to  explain 
why  the  spermatozoids  from  the  dog  could  not  penetrate  the 
vitelline  membrane  and  fecundate  the  ova  of  the  cat,  but 
this  seems  to  be  impossible  in  animals  so  widely  different. 

As  to  the  mechanism  of  the  penetration  of  spermatozoids 
to  the  vitellus,  we  can  only  refer  to  the  micropyle  discovered 
in  the  ova  of  fishes  and  mollusks,  which  we  have  already  de- 
scribed.1 In  the  ova  of  the  Nephelis,  a  small  species  of  leech, 
Robin  has  seen  spermatozoids,  to  the  number  of  several 
hundreds,  penetrate  the  vitelline  membrane,  always  at  one 
point,  continuing  their  movements  upon  the  surface  of  the 
vitellus.  "  Almost  always,  when  the  penetration  has  ceased, 
a  bundle  of  spermatozoids  are  arrested  in  the  micropyle."  * 
We  had  an  opportunity  of  witnessing  a  demonstration  of 
these  phenomena  by  Prof.  Robin,  in  1861,  in  the  ova  of  the 
Limnseus  stagnalis,  and  actually  saw  a  spermatozoid  half-way 
through  the  vitelline  membrane.  According  to  numerous  di- 
rect observations,  the  spermatozoids  move  actively  around  the 
ovum,  collect  toward  a  certain  point,  and  there  penetrate  the 
vitelline  membrane.  Ooste,  and  many  other  observers,  whom 
it  is  unnecessary  to  quote,  have  seen  the  spermatozoids  within 
the  vitelline  membrane,  in  the  ovum  of  the  rabbit ;  *  and, 
more  recently,  Weil  has  seen  spermatozoids  wedged  in  the 
substance  of  the  zona  pellucida,  has  added  blood  to  the  speci- 
men under  observation,  and  has  restored  the  movements  of 
the  spermatozoids  while  in  this  position.    He  has  also  seen, 

1  Spallanzani,  Fxp&riencet  pour  aervir  d  Vhiatoire  de  la  generation,  Pavie, 
1797,  p.  310,  et  eeq, 

•  See  page  290. 

8  Robin,  Mbmoxre  sur  lee  phinomenea  qui  eepoaeent  dona  V ovule. — Journal  de 
la  physiologic,  Paris,  1862,  tome  v.,  p.  80. 

4  Costk,  JDevdoppement  dee  corps  organises,  Paris,  1859,  tome  ii.,  p.  108. 
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in  some  instances,  perfectly-formed  spermatozoids  in  the  very 
substance  of  the  vitellus.1 

The  following  very  interesting  experiment  by  Lott  has  a 
certain  amount  of  bearing  upon  the  question  of  the  penetra- 
tion of  spermatozoids  through  the  vitelline  membrane.  Lott 
made  a  little  bag  of  the  caecum  of  the  sheep,  moistened  the 
membrane  with  a  weak  saline  solution,  introduced  ten  to 
twelve  drops  of  ejaculated  semen,  and,  having  closed  the  bag 
securely,  placed  it  in  a  vessel  containing  the  same  saline  solu- 
tion. In  ten  minutes,  he  drew  out  the  bag  and  found,  in  the 
exterior  liquid,  a  number  of  motionless  spermatozoids.  This 
observation  he  often  repeated,  with  similar  results ;  showing 
that  the  spermatozoids  had  actually  passed  through  this  deli- 
cate animal  membrane.8  How  far  this  explains  the  passage 
of  spermatozoids  through  the  vitelline  membrane,  it  is  diffi- 
cult to  say ;  but  the  results  are  certainly  curious  and  some- 
what startling. 

All  direct  observations  on  the  lower  orders  of  animals 
have  shown  that  several  spermatozoids  are  necessary  for  the 
fecundation  of  a  single  ovum ;  but  we  have  no  definite  idea 
of  the  number  required  in  mammals,  much  less  in  the  human 
subject.  Nor  do  we  know  what  becomes  of  the  spermato- 
zoids after  they  have  come  in  contact  with  the  vitellus.  All 
that  we  can  say  upon  this  point  is,  that  there  is  probably  a 
molecular  union  between  the  two  generative  elements,  soon 
to  be  followed  by  the  remarkable  series  of  changes  involved 
in  the  first  processes  of  development 

1  Weil,  Beiir&ge  zur  KerUnis^  der  Befruchtung  und  Entwicldung  det  Kanin- 
chenries. — Medizinische  Jahrbiicher,  W\en,  1873,  S.  18,  etseq. 

*  Lott,  Zur  Anatomic  und  Phytklogie  des  Cervix  Uteri,  Erlangen,  1872,  S. 
.40. 
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As  we  have  seen  in  the  preceding  chapter,  it  is  probable 
that  the  ovum  is  fecundated,  either  just  as  it  enters  the  Fal- 
lopian  tube  or  in  the  dilated  portion  near  the  ovary.  Ab  it 
passes  down  the  tube,  whether  it  be  or  be  not  fecundated,  it 
becomes  covered  with  an  albuminous  layer.  This  layer  prob- 
ably serves  to  protect  the  fecundated  ovum,  and,  when  the 
spermatozoids  do  not  penetrate  the  vitelline  membrane  near 
the  ovary,  presents  an -obstacle  to  their  passage.  Shortly 
after  fecundation,  the  germinal  vesicle  disappears ;  but  this 
occurs  in  ova  that  have  not  been  fecundated.  Soon  after 
ovulation,  also,  the  vitellus  gradually  withdraws  itself  from 
certain  portions  of  the  vitelline  piembrane,  or  becomes  de- 
formed, and  then  often  rotates  upon  itself ;  a  phenomenon 
which  has  long  been  observed  in  the  ova  of  some  of  the  lowest 
orders  of  animals,  but  which  was  seen  by  Bischoff  in  the  ova 
of  rabbits,  and  was  thought  by  him  to  be  due  to  the  move- 
ments of  cilia  upon  the  surface  of  the  vitellus.1  The  pres- 
ence of  cilia  in  this  situation,  however,  has  not  been  con- 

1  Bibchojt,  Traite  du  dSvehppement  de  Vhomme  et  de$  mammif)re$.—Enctf- 
clopSdie  anatomiqWy  Paris,  1848,  tome  viii.,  p.  698. 
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firmed  by  more  recent  observations.  The  deformation  and 
gyration  of  the  vitellus  have  been  observed  in  ova  before  fe- 
cundation, and  have  nothing  to'  do  with  the  process  of  de- 
velopment. They  are  of  the  class  of  movements  called 
amoeboid. 

After  the  penetration  of  spermatozoids  and  their  union 
with  the  vitellus,  at  least  in  many  of  the  lower  orders  of  ani- 
mals, the  appearance  of  the  vitellus  undergoes  a  remarkable 
change,  by  which  ova  that  are  about  to  pass  through  the  first 
processes  of  development  may  be  readily  distinguished  from 
those  which  have  not  been  fecundated.  This  change  consists 
in  an  enlargement  of  the  granules  and  their  more  complete 
separation  from  the  clear  substance  of  the  vitellus.  The 
granules  then  refract  light  more  strongly  than  before,  so  that 
the  fecundated  ova  are  distinctly  brighter  than  the  others.1 
This  is  the  first  appearance  that  is  distinctive  of  fecundation. 

Polar  Globule.— The  next  process  observed  in  the  ovum 
is  the  separation  from  the  vitellus  of  a  comparatively  clear, 
rounded  mass,  called  by  Eobin  the  polar  globule.  This  body 
had  been  observed  before  by  various  anatomists  and  described 
under  different  names.  The  exact  mode  of  its  formation  has 
been  studied  by  Robin  in  some  of  the  lower  orders  of  ani- 
mals.1 We  shall  describe  briefly  this  process  as  it  was  de- 
monstrated to  us  by  Eobin  in  the  ova  of  the  Iamnftus  stag- 
nalis,  in  1861,  the  description  being  taken  from  notes  made 
at  that  time : 

Five  hours  after  the  entrance  of  the  spermatozoids,  we 
see  a  little  elevation  at  one  point  in  the  vitellus.  This  is  the 
beginning  of  the  polar  globule.  It  increases  in  size  gradu- 
ally, and  becomes  constricted  at  its  base,  until  it  is  attached  to 
the  vitellus  by  a  little  pedicle.  There  is  then,  usually,  a  sec- 
ond globule  formed  just  behind  the  first,  in  the  same  man- 

1  Robin,  Mhnoire  *ur  let  phenornene*  qui  *e  pauent  dan*  Vovule  avant  la  seg- 
mentation du  mtellu*.— Journal  de  la  phytiologie,  Parte,  1862,  tome  v.,  p.  108. 

9  Robin,  Mhnoire  *ur  let  globule*  polaire*  de  Vovule. — Journal  de  la  phytioh- 
pie,  Paris,  1862,  tome  v.,  p.  149,  et  *eq. 
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ner ;  and  sometimes  a  third  makes  its  appearance.  As  soon 
as  the  globules  are  perfectly  formed,  they  all  become  de- 
tached from  the  vitellus,  but  remain  adherent  to  each  other, 
gradually  fusing  to  form  a  single  rounded,  very  faintly  gran- 
ular mass ;  and  it  is  opposite  this  globule  that  the  first  fur- 
row of  segmentation  of  the  vitellus  is  observed.  The  com- 
plete'formation  of  the  polar  globules  and  their  fusion  into 
one  occupy  three  hours.  It  is  probable  that  the  polar  globule 
is  formed  in  the  mammalia  in  the  manner  above  indicated. 
Weil  has  lately  described,  in  the  fecundated  ovum  of  the  rab- 
bit, before  segmentation  of  the  vitellus,  a  body  which  is  un- 
doubtedly analogous  to  this  globule.1  Sometimes  the  polar 
globule  is  formed  in  ova  that  have  not  been  fecundated. 

Vitelline  Nucleus. — A  short  time  after  the  complete  for- 
mation of  the  polar  globule,  the  germinal  vesicle  having  dis- 
appeared, the  deformed  vitellus  resumes  its  original  rounded 
appearance,  and  fills  again  the  cavity  of 'the  vitelline  mem- 
brane. At  this  time,  the  extreme  periphery  of  the  vitellus 
becomes  clearer ;  the  granules  collect  in  a  large  zone  around 
the  centre,  and,  in  the  centre  itself,  a  clear,  rounded  body 
makes  its  appearance,  which  is  called  the  nucleus  of  the  vitel- 
lus. This  mass  is  viscid,  amorphous,  without  granules,  and 
is  entirely  different  from  the  germinal  vesicle,  having  no  nu- 
cleolus at  first,  a  nucleolus,  however,  appearing  in  the  nuclei 
which  result  from  its  segmentation.  The  formation  of  the 
nucleus  of  the  vitellus  is  a  positive  evidence  of  fecundation. 
It  appears  from  fifteen  to  thirty  hours  after  fecundation.1 

Seffmentation  of  the  Vitellus. — Almost  immediately  fol- 
lowing the  phenomena  we  have  just  described,  the  vitellus 
begins  to  undergo  the  remarkable  process  of  segmentation, 
by  which  it  is  divided  into  numerous  small  cells.     This  pro- 

1  Weil,  Beitriige  zur  Kentniss  der  Befrucktnng  und  Eniwicklung  du  Kanin- 
cheneux.—Medizinische  Jahrbiicher,  Wien,  1873,  a  24. 

*  Robin,  Note  $ur  la  production  da  noyau  vitdlin.-— Journal  de  la  phytiologi^ 
Paris,  1862,  tome  v.,  p.  814. 


SEGMENTATION  OF  THE  VITELLU8.  857 

cess  may  take  place  to  a  limited  extent  in  non-fecundated 
ova ;  but  in  this  case  the  cells  soon  disappear,  as  the  disinte- 
gration of  the  ovum  advances.  The  true  segmentation  of  the 
vitellus,  however,  results  in  the  formation  of  what  are  called 
the  blastodermic  cells.  As  segmentation  has  been  studied 
in  the  inferior  animals,  there  appears  first  a  furrow  in  the 
vitellus,  at  the  site  of  the  polar  globule ;  and  there  is  then 
a  furrow  on  the  opposite  side,  both  deepening  until  the 
entire  vitellus  is  divided  into  two  globes.  These  are  at  first 
spherical ;  but  they  soon  become  flattened  upon  each  other 
into  two  hemispheres.  There  is  then  a  similar  division  into 
four,  another  into  eight,  and  so  on,  until  the  entire  vitellus  is 
divided  into  numerous  cells,  each  with  a  clear  nucleus  result- 
ing from  the  segmentation  of  the  original  nucleus  of  the 
vitellus.  It  is  probable  that,  at  first,  the  cells  of  the  vitellus 
have  no  membrane ;  but  a  membrane  is  soon  formed,  a  nu- 
cleolus appears  an<J  the  cells  are  perfect. 

Most  of  the  phenomena  of  segmentation  have  been  ob- 
served in  the  lower  orders  of  animals ;  but  there  can  be  no 
doubt  that  analogous  processes  take  place  in  the  human  ovum. 
In  the  rabbit,  "Weil  observed,  forty-five  and  a  half  hours  after 
copulation,  an  ovum,  with  sixteen  segmentations,  situated  in 
the  lower  third  of  the  Fallopian  tube.  Ninety-four  hours 
after  copulation,  he  observed  an  ovum,  with  a  delicate  mosaic 
appearance,  presenting  a  small,  rounded  eminence  on  its  sur- 
face.1 

It  is  impossible  to  say  how  long  the  process  of  segmenta- 
tion continues  in  the  human  ovum.  It  is  stated  that  it  is 
completed  in  rabbits  in  a  few  days,  and  in  dogs,  that  it  occu- 
pies more  than  eight  days.*  When  the  cells  of  the  blastoderm 
are  completely  formed,  they  present  %  polygonal  appearance 
as  they  are  pressed  against  the  vitelline  membrane,  their  in- 
ner surface  being  rounded.  The  ovum  then  contains,  within 
the  external  layer  of  cells,  a  small  quantity  of  liquid.    It  is 

1  Weil,  loc.  cit.,  S.  26. 

9  Hermann,  Qrundiu  der  Physiologie%  Berlin,  1870,  8.  469. 
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probably  in  this  condition  that  the  ovum  passes  from  the 
Fallopian  tube  into  the  uterus,  at  about  the  eighth  day  after 
fecundation.1 

Primitive  Trace  of  the  Embryon. — The  cells  formed  by 
the  segmentation  of  the  vitellus,  after  this  process  is  com- 
pleted, are  arranged  in  the  form  of  a  membrane,  the  blasto- 
dermic membrane,  which  is  farther  subdivided,  as  develop- 
ment advances,  into  layers,  which  will  be  fully  described 
hereafter.  The  albuminous  covering  which  the  ovum  has 
received  in  the  upper  part  of  the  Fallopian  tube  gradually 
liquefies  and  penetrates  the  vitelline  membrane,  furnishing, 
it  is  thought,  matter  for  the  nourishment  and  development 
of  the  vitellus.  In  the  Fallopian  tube,  indeed,  the  adventi- 
tious albuminous  covering  of  the  ovum  presents  an  analogy 
to  the  albuminous  coverings  which  the  eggs  of  oviparous  ani- 
mals receive  in  the  oviducts ;  with  the  difference  that  this 
albuminous  matter  is  almost  the  sole  source  of  nourishment 
in  the  latter,  and  exists- in  large  quantity,  while,  in  viviparous 
animals,  the  quantity  is  small,  is  generally  consumed  as  the 
ovum  passes  into  the  uterus,  and,  in  the  uterus,  the  ovum 
forms  attachments  to  and  draws  its  nourishment  from  the 
vascular  system  of  the  mother. 

At  the  period  when  the  fecundated  ovum  enters  the 
uterus,  it  has  increased  in  size  about  five  times.1  It  is  then 
composed  of  an  external  covering,  the  vitelline  membrane, 
with  a  cellular  membrane  internal  to  this,  the  blastodermic 
membrane,  and  a  certain  amount  of  liquid  in  its  interior. 

Soon  after  the  formation  of  the  single  blastodermic  mem- 
brane, at  a  certain  point  on  its  surface,  there  appears  a 
rounded  elevation,  or  heap  of  smaller  cells,  forming  a  dis- 
tinct spot,  called  the  embryonic  spot.  As  development  ad- 
vances, this  spot  becomes  elongated  and  oval.  It  is  then  sup* 
rounded  by  a  clear,  oval  area,  called  the  area  pellucida,  and 
the  area  pellucida  is  itself  surrounded  by  a  zone  of  cells, 

1  Longet,  Troiti  de  phynologie,  Paris,  1869,  tome  ill.,  p.  841.  *  Ibid 
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more  granular  and  darker  than  the  rest  of  the  blastoderm. 
The  elongated  line  thus  formed  and  surrounded  by  the  area 
pellucida  is  called  the  primitive  trace. 

Almost  all  writers  have  regarded  the  primitive  trace  as 
the  seat  of  the  development  of  the  spinal  column  of  the 
embryon ;  but  some  doubt  has  been  thrown  upon  this  point 
by  the  observations  of  Dursy,  in  1866,  quoted  and  recently 
confirmed  by  Balfour.  According  to  these  observations, 
which  were  made  upon  the  chick,  the  primitive  trace,  or 
primitive  groove,  is  a  temporary  structure,  and  has  nothing 
to  do  with  the  development  of  the  neural  canal.  After  this 
groove  is  formed,  Balfour  states  that  there  appears  in  front 
of,  but  not  continuous  with  it,  a  new  fold  and  a  groove  lead- 
ing from  it  This  is  the  "  head-fold,"  and  the  groove  is  the 
true  medullary  groove,  which  is  subsequently  developed  into 
the  neural  canal.1  If  we  adopt  this  view,  and  the  difference 
is  not  very  impor^nt,  we  simply  substitute  the  new  trace, 
the  seat  of  the  development  of  the  neural  canal,  for  the 
original  primitive  trace,  which  is  temporary.  It  is  prob- 
able that  embryologists  have  heretofore  noted  the  so-called 
primitive  trace  and  studied  subsequently  the  development  of 
the  true  medullary  groove,  supposing  that  they  were  iden- 
tical structures  in  different  stages  of  formation,  not  observ- 
ing that  the  first  trace  disappears. 

Blastodermic  Layers. — Shortly  after  the  appearance  of 
the  primitive  trace,  the  blastodermic  cells,  which  are  at  first 
arranged  so  as  to  form  a  single  membrane,  separate  into 
layers.  These  layers  have  been  differently  described  by 
various  observers,  and  there  is  some  uncertainty  with  re- 

1  Balfour,  On  the  Disappearance  of  the  Primitive  Groove  in  the  Embryo 
Chick. — Quarterly  Journal  of  Mieroecopieal  Science,  London,  1873,  New  Series! 
No.  11,  p.  276,  et  eeq. 

The  mutual  relations  of  the  primitive  trace  and  the  medullary  groove  in  the 
chick  are  figured  in  the  elaborate  work  of  His.  (Uhtereuchunyen  fiber  die  erete 
Anlage  dee  Wirbelthierleibee.  Die  erete  Entwiekhtng  den  HUhncheru  im  225,  Leip- 
zig, 1868,  Taf.  xil,  Fig.  14.) 
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gard  to  the  application  of  direct  researches  made  upon  the 
chick,  in  which  most  of  these  early  processes  of  development 
have  been  studied,  to  the  mammalia  and  the  human  subject. 
We  shall  endeavor  to  describe  the  different  layers  in  as  sim- 
ple a  manner  as  is  consistent  with  our  positive  knowledge, 
omitting  all  points  that  are  unsettled  or  seem  to  be  of  minor 
importance. 

The  blastodermic  cells,  resulting  originally  from  the  seg- 
mentation of  the  vitellus,  are  first  apparently  split  into  two 
layers,  which  may  be  termed  the  external  and  the  internal 
blastodermic  membranes.  According  to  the  most  recent  ob- 
servations, the  main  portion  of  the  external  layer,  sometimes 
called  the  serous  layer,  simply  forms  a  temporary  investment 
for  the  rest  of  the  vitellus  and  is  not  developed  into  any  part 
of  the  embryon.  The  internal  layer,  called  the  mucous  lay- 
er, is  developed  into  nothing  but  the  epithelial  lining  of  the 
alimentary  canal.  There  is  a  thickening  of  both  of  these 
layers  at  the  line  of  development  of  the  cerebrospinal  sys- 
tem, with  a  farrow,  which  is  finally  enclosed  by  an  elevation 
of  the  ridges  and  their  union  posteriorly,  forming  the  canal 
for  the  spinal  cord. 

As  the  spinal  canal  is  thus  developed,  a  new  layer  is 
formed,  by  a  genesis  of  cells  from  the  internal  surface  of  the 
original  external  layer  and  the  opposite  surface  of  the  inter- 
nal, or  mucous  layer.  This  layer  of  new  cells  may  be  termed 
the  intermediate  layer ;  and  it  is  from  this  that  nearly  all  the 
parts  of  the  embryon  are  developed. 

To  summarize  the  development  of  the  layers  just  men- 
tioned, we  may  state  that  the  external  layer  is  a  temporary 
structure ;  the  internal  layer  is  very  thin,  and  is  for  the  de- 
velopment of  the  epithelial  lining  of  the  alimentary  canal ; 
the  most  important  structure  is  a  thick  layer  of  cells,  devel- 
oped from  the  opposite  surfaces  of  the  external  and  the  in- 
ternal layer,  and  situated  between  them,  called  the  interme- 
diate layer ;  and  it  is  from  these  cells  that  the  greatest  part  of 
the  embryon  is  formed. 
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Formation  of  the  Membranes. 

The  brief  description  we  have  just  given  of  the  forma- 
tion of  the  blastodermic  layers  seemed  necessary  as  an  intro- 
duction to  the  study  of  the  membranes ;  and  we  shall  defer, 
for  the  present,  the  description  of  their  development  into  the 
different  parts  of  the  embiyon. 

Li  the  mammalia,  a  portion  of  the  blastoderm  is  devel- 
oped into  membranes,  by  which  a  communication  and  union 
are  established  between  the  ovum  and  the  mucous  membrane 
of  the  uterus.  From  the  ovum,  are  developed  two  membranes, 
one  non-vascular,  the  amnion,  and  another  vascular,  the  allan- 
toic From  the  mucous  membrane  of  the  uterus,  are  devel- 
oped the  two  layers  of  the  decidua.  At  a  certain  part  of  the 
uterus,  a  vascular  connection  is  established  between  the  mu- 
cous membrane  and  the  allantois,  and  the  union  of  these  two 
structures  forms  the  placenta.  The  foetal  portion  of  the  pla- 
centa is  connected  with  the  foetus  by  the  vessels  of  the  um- 
bilical cord ;  and  the  maternal  portion  is  connected  with  the 
great  uterine  sinuses.  Development  takes  place  from  material 
supplied  to  the  foetus  by  the  blood  of  the  mother. 

The  external  covering  of  the  ovum,  during  the  first  stage 
of  its  development,  is  the  vitelline  membrane.  According 
to  Coste,  as  the  ovum  is  received  into  the  uterus,  the  vitelline 
membrane  develops  upon  its  surface  little  villosities,  which  are 
non-vascular,  and  formed  of  amorphous  matter  with  granules. 
These  are  the  first  villosities  of  the  ovum,  and  they  assist  in 
fixingtheegginthenterinecavity.  They  Ire  not  permanent, 
do  not  become  developed  into  the  vascular  villosities  of  the 
chorion,  and  disappear  as  the  true  membranes  of  the  embryon 
are  developed  from  the  blastodermic  layers.1  It  is  probable 
that  the  vitelline  membrane  disappears  about  the  fourth  or 
fifth  day,  when  it  is  replaced  by  the  amnion. 

Formation  of  the  Amnion.* — As  the  ovum  advances  in  its 

1  Costs,  Dtveloppement  des  corps  organists,  Paris,  1847,  tome  L,  p.  82. 

*  In  the  literature  pertaining  to  the  subject  of  development,  there  is  no  de- 
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development,  it  is  observed  that  a  portion  of  the  blastoderm 
becomes  thickened,  to  form  the  first  trace  of  the  embryon. 
At  this  portion,  where  the  body  of  the  embryon  subsequently 
makes  its  appearance,  as  we  have  already  seen,  we  have  the 
external  layer,  the  internal  layer,  and  a  thick,  intermediate 
layer  of  cells,  developed  from  the  opposite  surfaces  of  the 
external  and  the  internal  layer,  called  the  middle  layer.  At 
nearly  the  time  when  this  thickening  begins,  a  fold  of  the 
external  layer  makes  its  appearance,  surrounding  the  thick* 
ened  portion,  and  most  prominent  at  the  cephalic  and  the 
caudal  extremity  of  the  furrow  for  the  neural  canaL  This 
fold  increases  in  extent  as  development  advances,  passes  over 
the  dorsal  surface  of  the  embryon,  and  finally  meets  so  as  to 
enclose  the  embryon  completely.  We  can  readily  figure  to 
ourselves  this  process  and  understand  how,  at  a  certain  period 
of  the  development  of  the  amnion,  this  membrane  consists 
of  an  external  layer,  formed  of  the  external  layer  of  the  fold, 
and  an  internal  layer;  the  point  of  union  of  the  two  layers, 
or  the  point  of  meeting  of  the  fold,  being  marked  by  a  mem- 
branous septum.  An  illustration  of  this  mode  of  formation  of 
the  two  layers  of  the  amnion  is  afforded  by  an  observation  by 
Allen  Thomson,  made  on  an  embryon  of  about  fifteen  days, 
in  which  there  was  a  portion  of  membrane  extending  from  the 
internal  amniotic  fold  to  the  external  covering  of  the  ovum.1 

scription  of  the  mode  of  formation  of  the  membranes  so  clear  and  exact  as  that 
given  b y  Dalton,  in  his  Treatise  on  Physiology.  In  our  account  of  these  pro* 
cesses,  we  shall  follow  in  the  main  this  description.  (Dalton,  Human  Phytu 
ohgy,  Philadelphia,  1871,  p.  619,  et  acq.) 

1  Allen  Thomson,  Contribution*  to  the  History  and  Structure  of  the  Human 
Ovum,  etc. — Edinburgh  Medical  and  Surgical  Journal,  1889,  rot  iii.,  p.  182. 
This  observation  is  quoted  by  Longet  as  showing  the  mechanism  of  formation 
of  the  amnion  (Traiti  de  phutiologie,  Paris,  1869,  tome  ill,  p.  844);  but  the 
statement  in  the  original  paper  by  Allen  Thomson  is  rather  indefinite.  Allud- 
ing to  "  a  portion  of  fine  membrane  which  adhered  to  the  notch  between  the 
foetus  and  yolk  at  the  cephalic  extremity,"  he  says :  "lam  inclined  to beliere 
that  this  piece  of  membrane  may  be  a  part  of  the  cephalic  fold  of  the  serous 
layer  of  the  germinal  membrane  which  forms  the  amnios."  The  ovum  was  not 
examined  until  after  it  had  been  in  alcohol  for  several  days. 
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The  two  amniotic  layers  axe  formed  in  the  way  that  we 
have  just  described,  and  a  complete  separation  finally  takes 
place,  by  a  disappearance  of  the  septum 
formed  by  the  meeting  of  the  folds  over  '  u' 

the  back  of  die  embryon.  According  to 
Longet,  this  process  occupies  four  or  fire 
days  in  the  human  ovum  ; '  though  the 
observation  by  Allen   Thomson   shows  i  e 

that  the  complete  separation  of  the  two 
layers  occurs  much  later.  The  point 
where  the  folds  meet  is  called  the  am- 
niotic umbilicus.     When  the  amnion  is 

thus  completely  formed,  the  vitelline        ™2 jj™<™  nvihaon, 
,  ,      l  ,    ,  ,  Fhu«i«Lphi»,isn,p.Hi.) 

membrane  has  been  encroached  upon  by 

the  external  amniotic  layer  and  disappears,  leaving  this  layer 
of  the  amnion  as  the  external  covering  of  the  ovum.     At 
this  time,  there  is  a  growth  of  villosities 
upon  the  surface  of  the  external  amni-  ne'  "" 

otic  layer,  which,  like  the  villosities  of 
the  vitelline  membrane,  are  not  vascular. 
Soon  after  the  development  of  the 
amnion,  the  allantois  is  formed.    This 
membrane  is  vascular,  encroaches  upon 
and  takes  the  place  of  the  external  am- 
niotic membrane,  becomes  villous,  and 
its  villosities  take  the  place  of  those  of    nm12*!%l3££Z 
the  amnion.    Over  a  certain  portion  of       Slaf  s.  ™tw  hSS.'S 
the  membrane,  the  villosities  are  per-       imnii* 'toMi1'™™  *£ 
manent.    The  mode  of  development  of       *£>  ponttntmg  between 
the  amnion,  as  we  have  described  it,  was 
discovered  by  Ton  Baer,*  and  is  illus-        **^°"1 
trated  by  the  diagrammatic  Figs.  34  and 
35.    These  figures  show  the  formation  of  the  amnion,  the 

■  Logon,  Traili  ds  pkytielogie,  Paris,  1869,  tome  iii.,  p.  844. 
<  Vos    Hint,    Utbcr  EntmcldimgisachkU   oW  Thitrt,   Konignberg,   1887, 
Zwdte  Theil,  &  193. 
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umbilical  vesicle,  and  the  allantois.  The  last  two  structures 
are  not  derived  from  the  external  blastodermic  layer,  and 
will  be  described  farther  on,  after  we  have  studied  the  full 
development  of  the  amnion  and  its  relations. 

When  the  allantois  has  become  the  chorion,  or  the  exter- 
nal membrane  of  the  ovum,  having  taken  the  place  of  the  ex- 
ternal layer  of  the  amnion,  the  structures  of  the  ovum  are 
the  following :  1.  The  chorion,  formed  of  the  two  layers  of 
the  allantois,  derived  from  the  internal  blastodermic  mem- 
brane, and  penetrated  by  blood-vessels.  2.  The  umbilical 
cord,  which  connects  the  embryon  with  the  placental  portion 
of  the  chorion,  and  the  umbilical  vesicle,  formed  from  the 
same  layers  as  the  allantois.  3.  The  amnion,  which  is  the 
internal  layer  of  the  amniotic  fold,  persisting  throughout  the 
whole  of  foetal  life.    4.  The  embryon  itself. 

During  the  early  stages  of  development  of  the  umbilical 
vesicle  and  the  allantois,  the  internal  amniotic  layer,  or  the 
true  amniotic  membrane,  is  closely  applied  to  the  surface  of 
the  embryon,  and  is  continuous  with  the  epidermis  at  the 
umbilicus.  It  is  then  separated  from  the  allantois  by  a  layer 
of  gelatinous  matter ;  and  in  this  layer,  between  the  amnion 
and  the  allantois,  is  embedded  the  umbilical  vesicle.  At  this 
time,  the  umbilical  cord  is  short  and  not  twisted.  As  devel- 
opment advances,  however,  the  inter-membranous  gelatinous 
matter  gradually  disappears ;  the  cavity  of  the  amnion  is  en- 
larged by  the  production  of  a  liquid  between  its  internal  sur- 
face and  the  embryon ;  and,  at  about  the  end  of  the  fourth 
month,  the  amnion  comes  in  contact  with  the  internal  sur- 
face of  the  chorion.  At  this  time,  the  embryon  floats,  as  it 
were,  in  the  amniotic  cavity,  surrounded  by  the  amniotic 
fluid.  The  amnion  forms  a  lining  membrane  for  the  cho- 
rion ;  by  its  gradual  enlargement  it  has  formed  a  covering  for 
the  umbilical  cord ;  and,  between  it  and  the  cord,  is  the  atro- 
phied umbilical  vesicle.  The  amnion  then  resembles  a  se- 
rous membrane,  except  that  it  is  non-vascular.  It  is  lined  by 
a  single  layer  of  pale,  delicate  cells  of  pavement-epithelium, 
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which  contain  a  few  fine,  fatty  granulations.  At  term,  the 
amnion  adheres  to  the  chorion,  though  it  may  be  separated, 
with  a  little  care,  as  a  distinct  membrane,  and  may  be  stripped 
from  the  cord.  From  its  arrangement  and  from  the  absence 
of  blood-vessels,  it  is  evident  that  this  membrane  is  simply 
for  the  protection  of  the  foetus  and  is  not  directly  concerned 
in  its  nutrition  and  development. 

The  gelatinous  mass  referred  to  above,  situated,  during 
the  early  periods  of  intra-uterine  life,  between  the  amnion 
and  the  chorion,  presents  a  semifluid  consistence,  and  is 
marked  by  the  presence  of  numerous  very  delicate,  interlac- 
ing fibres  of  young  connective  tissue  and  fine,  grayish  granu- 
lations scattered  through  its  substance.  These  fibres  gradu- 
ally develop  as  the  quantity  of  gelatinous  matter  diminishes 
and  the  amnion  approaches  the  chorion,  until,  finally,  it 
forms  a  rather  soft,  reticulated  layer,  which  was  described 
by  Bischoff,  under  the  name  of  the  membrana  media.1 

Amniotic  Fhiid. — The  process  of  enlargement  of  the 
amnion  shows  that  the  amniotic  fluid  gradually  increases  in 
quantity  as  the  development  of  the  foetus  progresses.  At 
term,  the  entire  quantity  is  variable,  being  rarely  more  than 
two  pints  or  less  than  one  pint.*  In  the  early  periods  of 
utero-gestation,  it  is  clear,  slightly  yellowish  or  greenish,  and 
perfectly  liquid.  Toward  the  sixth  month,  its  color  is  more 
pronounced,  and  it  becomes  slightly  mucilaginous.  Its  reac- 
tion is  usually  neutral  or  faintly  alkaline,  though  sometimes 
it  is  feebly  acid  in  the  latest  periods.  It  sometimes  contains 
a  small  quantity  of  albumen,  as  determined  by  heat  and  nitric 
acid ;  and  there  is  generally  a  gelatinous  precipitate  on  the 
addition  of  acetic  acid.  The  following  table,  compiled  by 
Bobin,  gives  its  chemical  composition : 

1  Bischoit,  Traiti  du  dtvdoppement. — Encydopkdie  anaiomiqu€y  Paris,  1848, 
tome  viii.,  p.  157. 

Robot,  Mhnoire  sur  la  structure  intime  de  la  vSsicule  ombilicale.—J<mrnal  d$ 
la  physiologic,  Paris,  1861,  tome  iv.,  p.  806. 

9  Robix,  Zefona  sur  let  humeurt,  Paris,  1867,  p.  779. 
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Composition  of  the  Amniotic  Fluid.1 

Water 991*00  to  975*00 

Albumen  and  mocoeine 0*82  "    10*77 

Urea. 2*00  "      3*60 

Creatine  and  creatinine  (Scherer,  Robin  and  Verdeil).  not  estimated 

Lactate  of  soda  (Vogt,  Regnauld). a  trace 

Fatty  matters  (Rees,  Mack) 0-18  to      1*25 

Glucose  (CL  Bernard). not  estimated 

Chloride  of  sodium  and  chloride  of  potassium 2*40  to     5*95 

Chloride  of  calcium a  trace 

Carbonate  of  soda. . a  trace 

Sulphate  of  soda a  trace 

Sulphate  of  potassa  (Rees). a  trace 

Calcareous  and  magnesian  phosphates  and  sulphates.  1*14  to     1*72 

The  presence  of  certain  of  the  urinary  constituents  in  the 
amniotic  fluid  has  led  to  the  view  that  the  urine  of  the  foetus 
is  discharged,  in  greater  or  less  quantity,  into  the  amniotic 
cavity.  Bernard,  who  is  quoted  in  the  above  table  as  having 
determined  the  presence  of  sugar  in  the  amniotic  fluid,  has 
shown  that,  in  animals  with  a  multiple  placenta,  the  amnion 
has  a  glycogenic  function  during  the  early  part  of  intra-uter- 
ine  existence.1 

With  regard  to  the  origin  of  the  amniotic  fluid,  it  is  impos- 
sible to  say  how  much  of  it  is  derived  from  the  general  surface 
of  the  foetus,  how  much  from  the  urine,  and  how  much  from 
the  amnion  itself,  by  transudation  from  the  vascular  struct- 
ures beneath  this  membrane.  The  quantity  is  apparently  too 
great,  especially  in  the  early  months,  to  be  derived  entirely 
from  the  urine  of  the  foetus,  and  there  is  probably  an  exuda- 
tion from  the  general  surface  of  the  foetus  and  from  the  mem- 
branes. After  the  third  month,  the  sebaceous  secretion  from 
the  skin  of  the  foetus  prevents  the  absorption  of  any  of  the 
liquid. 

An  important  property  of  the  amniotic  fluid  is  that  of 
resisting  putrefaction  and  of  preserving  dead  tissues.    It  is 

1  Robin,  Zeporu  wr  Ut  kumeun,  Paris,  1867,  p.  782. 
9  See  vol.  iii,  Secretion,  p.  822. 
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stated  by  Eobin  to  be  the  best  fluid  for  the  preservation  of 
the  embryonic  tissues,  when  it  is  desired  to  keep  them  for 
examination. 

Formation  of  the  Umbilical  Vesicle. — As  the  visceral 
plates,  which  will  be  described  hereafter,  close  over  the  front 
of  the  embryon,  that  portion  of  the  blastoderm  from  which 
the  intestinal  canal  is  developed  presents  a  vesicle,  which  is 
cut  off,  as  it  were,  from  the  abdominal  cavity,  but  still  com- 
municates freely  with  the  intestine.  This  is  the  umbilical 
vesicle.  On  its  surface,  is  a  rich  plexus  of  blood-vessels ;  and 
this  is  a  very  important  organ  in  birds  and  in  many  of  the 
lower  orders  of  animals.  In  the  human  subject  and  in  mam- 
mals, however,  the  umbilical  vesicle  is  not  so  important,  as 
nutrition  is  effected  by  means  of  vascular  connections  be- 
tween the  chorion  and  the  uterus.  The  vesicle  becomes 
gradually  removed  farther  and  farther  from  the  embryon,  as 
development  advances,  by  the  elongation  of  its  pedicle,  and 
is  compressed  between  the  amnion  and  the  chorion  as  the 
former  membrane  becomes  distended. 

When  the  vesicle  is  formed,  in  the  way  which  we  have 
indicated,  it  receives  two  arteries  from  the  two  aortse,  and 
the  blood  is  returned  to  the  embryon  by  two  veins,  which 
open  into  the  vestibule  of  the  heart.  These  are  called  the 
omphalomesenteric  vessels.  At  about  the  fortieth  day,  one 
artery  and  one  vein  disappear,  and,  soon  after,  all  vascular 
connection  with  the  embryon  is  abolished.  At  first  there  is 
a  canal  of  communication  with  the  intestine,  called  the  om- 
phalomesenteric canal.  This  is  gradually  obliterated,  and 
closes  at  the  thirtieth  or  the  thirty-fifth  day.  The  point  of 
communication  of  the  vesicle  with  the  intestine  is  called  the 
intestinal  umbilicus;  and,  early  in  the  process  of  develop- 
ment, there  is  here  a  true  hernia  of  a  loop  of  intestine.  The 
umbilical  vesicle  remains  as  a  tolerably  prominent  structure 
as  late  as  the  fourth  or  fifth  month,  but  it  may  often  be  dis- 
covered at  the  end  of  pregnancy. 

154 
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According  to  Robin,  the  umbilical  vesicle  has  three  coats ; 
an  external,  smooth  membrane,  formed  of  connective  tissue, 
a  middle  layer  of  transparent,  polyhedric  cells,  and  an  inter- 
nal layer  of  spheroidal  cells.  The  membrane,  composed  of 
these  layers,  encloses  a  pulpy  mass,  composed  of  a  liquid, 
containing  cells  and  yellowish  granulations.1 

Formation  of  the  Allantois  and  the  Permanent  Chorion. 
—During  the  early  stages  of  development  of  the  umbilical 
vesicle,  and  while  it  is  being  shut  off  from  the  intestine,  there 
appears  an  elevation  at  the  posterior  portion  of  the  intestine, 
which  rapidly  increases  in  extent,  until  it  forms  a  membrane 
of  two  layers,  which  is  situated  between  the  internal  and 
the  external  layer  of  the  amnion.  This  membrane  becomes 
vascular  early  in  the  progress  of  its  development,  increases 
in  size  quite  rapidly,  and  finally  completely  encloses  the  in- 
ternal layer  of  the  amnion  and  the  embryon,  the  gelatinous 
mass  already  described  being  situated  between  it  and  the  in- 
ternal amniotic  layer  before  this  membrane  becomes  enlarged. 
While  the  formation  of  the  two  layers  of  the  allantois  is  quite 
distinct  in  certain  of  the  lower  orders  of  animals,  in  the  hu- 
man subject  and  in  mammals,  it  is  not  so  easily  observed ; 
still,  as  was  first  shown  by  Coste,*  there  can  be  no  doubt 
as  to  the  mechanism  of  its  formation,  even  in  the  human 
ovum.  Here,  however,  the  allantois  soon  becomes  a  single 
membrane,  the  two  original  layers  of  which  cannot  be  sepa- 
rated from  each  other.  The  process  of  the  development  of  the 
allantois  is  shown  in  the  diagrammatic  figures  34,  35,  and  36. 

It  is  the  vascularity  of  the  allantois  which  causes  the  rapid 
development  by  which  it  invades  and  finally  supersedes  the 
external  layer  of  the  amnion,  becoming  the  permanent  cho- 
rion, or  external  membrane  of  the  ovum.  At  first  there  are 
two  arteries  extending  into  this  membrane  from  the  lower 

1  Robin,  Mkmoire  tur  la  structure  intime  de  la  vfoicule  ombUicale. — Journal  d* 
la  pkytiologie,  Paris,  1861,  tome  iv.,  pp.  308,  814. 

*  Costk,  Embryoghnie  comparU,  Paris,  1837,  tome  L,  p.  231,  et  seq. 
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portion  of  the  aorta,  and  two  veins.  The  two  arteries  per- 
sist and  form  the  two  arteries  of  the  umbilical  cord,  coming 
from  the  internal  iliac  arteries  of  the  foetus;  and  the  two 
veins  are  reduced  to  one,  the  umbilical  vein,  which  returns 
the  blood  from  the  placenta  to  the  foetus.  These  vessels  are 
connected  with  the  permanent  vascular  tufts  of  the  chorion. 

Longet  states,  as  the  result  of  a  study  of  the  specimens  in 
the  College  of  France,  prepared  by  Ooste,  that  the  develop- 
ment of  the  allantois  cannot  be  well  observed  in  human  ova  be- 
fore the  fifteenth  or  the  twenty-fifth  day.1  We  have  already 
noted  the  formation  of  villosities, 
first  upon  the  vitelline  membrane,  f».  8«. 

and  next  upon  the  external  amniotic 
membrane,  and  we  have  seen  that 
both  of  these  membranes  are  tempo- 
rary structures.  As  the  vascular  al- 
lantois encroaches  upon  the  external 
amniotic  layer,  the  villosities  become 
vascular ;  and,  when  the  allantois  be- 
comes the  permanent  chorion,  it  is   Fecundate  ««*,  with  allantois 

*  7  ftillv*    formed.  —  a,    umbilical 

marked  by  a  multitude  of  compound  S^&SuKiA  m? 
villi  over  its  entire  surface,  which  *?Jw,  Philadelphia,  isn,  p. 
give  the  ovum  a  shaggy  appearance. 

It  is  difficult  to  say  whether  new  villi  appear  upon  the  allan- 
tois, or  whether  the  villi  of  the  amnion  are  penetrated  by  the 
vessels  of  the  allantois ;  but  it  is  certain  that  the  true  or  per- 
manent chorion  presents  upon  its  surface  vascular  villi.  As 
the  ovum  enlarges,  over  a  certain  area  surrounding  the  point 
of  attachment  of  the  pedicle  which  connects  it  with  the  em- 
bryon,  the  villi  are  developed  more  rapidly  than  over  the 
rest  of  the  surface.  Indeed,  as  the  egg  becomes  larger  and 
larger,  the  villi  of  the  surface  outside  of  this  area  become 
more  and  more  scanty,  lose  their  vascularity,  and  finally  dis- 
appear. That  portion  upon  which  the  villi  persist  and  in- 
crease in  length  and  in  the  number  of  their  branches  is 

1  Longet,  Traiie  de  phyiologie,  Paris,  1869,  tome  iii..  p.  849. 
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destined  to  form  connections  with  the  mucous  membrane  of 
the  uterus,  and  constitutes  the  foetal  portion  of  the  placenta. 
According  to  Dalton,  this  change  begins  at  about  the  end 
of  the  second  month,  and  the  placenta  becomes  distinctly 
limited  at  about  the  end  of  the  third  month.1 

It  must  be  remembered  that,  as  the.  changes  progress 
which  result  in  the  formation  of  the  permanent  chorion  and 
the  limitation  of  the  foetal  portion  of  the  placenta,  the  forma- 
tion of  the  umbilical  vesicle  and  the  enlargement  of  the  am- 
nion are  also  going  on.  The  amnion  is  gradually  becoming 
distended  by  the  increase  in  the  quantity  of  amniotic  fluid;  it 
reaches  the  internal  surface  of  the  chorion  at  about  the  end 
of  the  fourth  month,  extends  over  the  umbilical  cord  to  form 
Its  external  covering,  including  the  cord  of  the  umbilical -vesi- 
cle, and  the  umbilical  vesicle  itself  lies  in  the  gelatinous  mat- 
ter between  the  two  membranes. 

At  about  the  beginning  of  the  fifth  month,  then,  the  ovum 
is  constituted  as  follows : 

The  foetus  floats  freely  in  the  amniotic  fluid,  attached  to 
the  placenta  by  the  umbilical  cord ;  the  chorion  presents  a 
highly  vascular,  thickened,  and  villous  portion,  the  foetal  por- 
tion of  the  placenta ;  the  rest  of  the  chorion  is  a  simple  mem- 
brane, without  villi  and  without  blood-vessels ;  the  amnion 
lines  the  internal  surface  of  the  chorion,  and  also  forms  the 
external  covering  of  the  umbilical  cord ;  the  umbilical  vesi- 
cle has  become  atrophied  and  has  lost  its  vascularity;  the 
hernia  at  the  point  of  connection  of  the  umbilical  vesicle 
with  the  intestine  of  the  foetus  has  closed ;  finally,  the  foetus 
has  undergone  a  considerable  degree  of  development. 

It  now  remains  for  us  to  study  the  structure  of  the  um- 
bilical cord,  the  membranes  formed  from  the  mucous  mem- 
brane of  the  uterus,  or  the  membranse  deciduse,  and  the  mode 
of  development  and  the  structure  of  the  placenta. 

Umbilical  Cord.^From  the  description  we  have  given  of 

1  Dalton,  Human  Physiology \  Philadelphia,  1871,  pp.  632,  633. 
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the  mode  of  development  of  the  chorion  and  the  amnion,  it 
is  evident  that  the  umbilical  cord  is  nothing  more  than  the 
pedicle  which  connects  the  embryon  with  that  portion  of  the 
chorion  which  enters  into  the  structure  of  the  placenta.  It 
is,  indeed,  a  process  of  the  allantois,  in  which  the  vessels 
eventually  become  the  most  important  structures.  The  cord 
is  distinct  at  about  the  end  of  the  first  month ;  and,  as  devel- 
opment advances,  the  vessels  consist  of  two  arteries  coming 
from  the  body  of  the  foetus,  which  are  usually  twisted  from 
left  to  right  around  the  single  umbilical  vein.  In  addition 
to  the  spiral  turns  of  the  arteries  around  the  veins*  the  entire 
cord  may  be  more  or  less  twisted,  probably  from  the  move- 
ments of  the  foetus. 

The  fully-developed  cord  extends  from  the  umbilicus  of 
the  foetus  to  the  central  portion  of  the  placenta,  in  which  its 
insertion  is  usually  oblique;  though  it  may  be  inserted  at 
other  points,  and  even  outside  of  the  border  of  the  placenta, 
its  vessels  penetrating  this  organ  from  the  side.  Its  usual 
length,  which  varies  very  considerably,  is  about  twenty  inches. 
It  has  been  observed  as  long  as  sixty,  and  as  short  as  seven 
inches.1  When  the  cord  is  very  long,  it  sometimes  presents 
knots,  or  may  be  wound  around  the  neck,  the  body,  or  any 
of  the  members  of  the  foetus ;  and  this  can  only  be  accounted 
for  by  the  movements  of  the  foetus  in  utero. 

The  external  covering  of  the  cord  is  a  process  of  the 
amnion,  which,  as  it  extends  over  the  vessels,  includes  a 
gelatinous  substance,  the  gelatine  of  Wharton,  which  sur- 
rounds the  vessels,  and  protects  them  from  compression. 
This  gelatinous  substance  is  identical  with  the  so-called  mem- 
brana  intermedia,  or  the  substance  included  between  the  am- 
nion and  the  chorion.  The  entire  cord,  covered  with  the 
gelatine  of  Wharton  and  the  amnion,  is  usually  about  the 
size  of  the  little  finger.  According  to  Robin,  the  normal 
cord  will  sustain  a  weight  of  from  ten  pounds  and  ten  ounces 

1  Vrolik,  Cydopcedia  of  Anatomy  and  Physiology,  London,  1849-1852,  toL 
It.,  part  ii.,  p.  947,  Article,  Teratology. 
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to  twelve  pounds  and  twelve  ounces  avoirdupois.1  As  the 
amniotic  fluid  accumulates  and  distends  the  amniotic  mem- 
brane, it  becomes  more  and  more  closely  applied  to  the 
cord.  This  pressure  extends  from  the  placental  attachment 
of  the  cord  toward  the  foetus,  and  gradually  forces  into 
the  abdomen  of  the  foetus  the  loop  of  intestine,  which,  in 
the  early  periods  of  intra-uterine  life,  forms  an  umbilical 
hernia. 

It  is  generally  stated  by  writere  upon  embryology  that 
the  vessels  of  the  cord  present  no  valves ;  but  recent  observe 
tions  by  Berger  have  demonstrated  the  presence  of  semi- 
lunar folds,  both  in  the  vein  and  in  the  arteries.  In  the  his- 
torical account  of  this  subject,  given  by  Berger,  it  is  stated 
that  many  of  the  older  writers  described  these  folds  more  or 
less  accurately,  and  that  they  were  observed  more  recently  by 
Hyrtl.  Berger  rejects  the  term  valves,  as  applied  to  the  semi- 
lunar folds  which  he  has  observed,  particularly  as  regards 
those  found  in  the  umbilical  vein.  They  are  simple  inversions 
of  the  walls  of  the  vessels ;  and  they  do  not  exist  in  pairs, 
nor  do  they  seem  to  influence  the  current  of  blood.  In  the 
arteries,  these  folds  are  situated  at  intervals  of  from  half  an 
inch  to  two  inches,  and  are  more  abundant  where  the  vessels 
are  very  contorted.  In  the  vein,  the  folds  are  most  abundant 
near  the  placenta ;  they  are  very  irregularly  placed,  and,  in 
a  length  of  four  inches,  fifteen  folds  were  found.  It  is 
not  apparent  that  these  folds  have  any  physiological  impor- 
tance.* 

As  the  allantois  is  developed,  it  presents,  in  the  early 
stages  of  its  formation,  three  portions :  an  external  portion, 
which  becomes  the  chorion,  an  internal  portion,  enclosed  in 
the  body  of  the  embryon,  and  an  intermediate  portion.  The 
intermediate  portion,  as  we  have  seen,  becomes  the  umbilical 
cord.    As  the  umbilicus  of  the  foetus  closes  around  the  cord, 

1  Littre  et  Rodin,  Dictionnaire  de  rrtfdecine,  Paris,  1878,  Article,  Ombilical. 
9  Bzrgkb,  Recherche*  sur  la  conformation  inUrieure  de  la  veine  et  dee  arUre* 
ombilicalee. — Archives  de  physiologic,  Paris,  1871-1872,  tome  iv.,  p.  551,  et  $eq. 
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it  shuts  off  a  portion  of  the  allantois  contained  in  the  abdom- 
inal cavity,  which  becomes  the  urinary  bladder ;  but  there  is 
a  temporary  communication  between  the  internal  portion  and 
the  lower  portion  of  the  cord,  which  is  called  the  urachus. 
This  is  generally  obliterated  before  birth,  and  is  reduced  to 
the  condition  of  an  impervious  cord ;  but  it  may  persist  dur- 
ing the  whole  of  intra-uterine  life,  in  the  form  of  a  narrow 
canal,  extending  from  the  bladder  to  the  umbilicus,  which  is 
closed  soon  after  birth. 

Membrcmm  Deoidva. — In  addition  to  the  two  membranes 
connected  with  the  foetus,  there  are  two  membranes  formed 
from  the  mucous  membrane  of  the  uterus,  which  are  derived 
from  the  mother,  and  which  serve  still  farther  to  protect  the 
ovum.  The  chorion,  as  we  have  just  seen,  is  for  the  protec- 
tion of  the  foetus ;  but  a  portion  of  this  membrane,  about 
one-third  of  its  surface,  becomes  closely  united  with  a  corre- 
sponding portion  of  the  uterine  mucous  membrane,  to  form 
the  placenta.  This  organ,  which  serves  for  the  nutrition  of 
the  foetus,  will  be  described  by  itself ;  but,  before  we  can 
thoroughly  comprehend  its  structure  and  the  process  of  its 
development,  we  must  study  carefully  the  formation  of  the 
membranse  decidual 

As  the  fecundated  ovum  descends  into  the  uterus,  it  is 
usually  invested  with  a  shaggy  covering,  which  is  either  the 
permanent  chorion  or  one  of  the  membranes  which  invests 
the  ovum  previous  to  the  complete  development  of  the  allan- 
tois. At  this  time,  the  mucous  membrane  of  the  uterus  has 
undergone  certain  changes  by  which  it  is  prepared  for  the  re- 
ception of  the  ovum.    The  changes  which  this  membrane 

1  The  first  correct  account  of  the  decidua  was  given  by  William  Hunter,  who 
recognized  this  as  a  modification  of  the  uterine  mucous  membrane,  and  gave  it 
the  name  it  now  bears.  The  engravings  illustrating  the  anatomy  of  the  gravid 
uterus,  with  the  membranes,  were  published  in  1774.  A  full  account  of  the 
decidua  is  in  a  posthumous  publication,  edited  by  Dr.  Rigby.  (Hunter,  An 
Anatomical  Description  of  the  Human  Gravid  Uterus  and  its  Contents^  London, 
1848,  p.  46,  et  seq.) 


I 


874  GENERATION. 

undergoes  in  menstruation  have  already  been  studied.1  It 
has  been  seen  that,  during  an  ordinary  menstrual  period,  the 
membrane  has  been  increased  three  or  four  times  in  thickness 
and  has  become  more  or  less  rugous.  Without  being  able  to 
state  from  positive  observation  the  character  of  the  first  changes 
in  the  uterine  mucous  membrane  preceding  the  descent  of  the 
fecundated  ovum — f or  the  opportunities  for  direct  inspection 
of  these  parts  after  fecundation  and  before  the  arrival  of  the 
ovum  are  not  frequent — it  is  almost  certain  that  this  hyper- 
trophy occurs  and  progresses."  One  of  the  most  favorable 
occasions  for  observing  these  early  changes  in  the  human 
subject  lately  presented  itself,  and  the  appearances  were 
minutely  described  by  Eeichert.  Li  this  case,  the  ovum  was 
lenticular,  measuring  nearly  one-fourth  of  an  inch  in  its  long, 
and  about  one-sixth  of  an  inch  in  its  short  diameter.  It  was 
covered  with  simple,  empty,  cylindrical  villi,  and  was  esti- 
mated to  be  at  from  the  twelfth  to  the  thirteenth  day  of  its 
development,  dating  from  fecundation.  It  was  enclosed  in 
the  decidua  reflexa,  and  it  was  thought  that  this  had  been  ac- 
complished from  twenty-four  to  forty-eight  hours  before  the 
death  of  the  mother. 

According  to  Reichert,  the  thickening  of  the  mucous  mem- 
brane of  the  uterus,  which  occurs  at  each  menstrual  period, 
in  case  the  ovum  be  not  fecundated,  is  relieved  by  a  flow  of 
blood  and  disappears;  but,  if  fecundation  take  place,  the 
membrane  continues  to  hypertrophy  and  to  prepare  itself  to 
enclose  the  ovum.  In  this  process,  when  an  ovum  has  been 
fecundated,  there  are  formed,  upon  the  surface  of  the  mucous 
membrane,  little  elevations,  or  islands,  provided  with  primary 
and  secondary  papillae,  everywhere  except  at  their  borders, 
where  the  membrane  is  smooth  and  presents  the  enlarged 
orifices  of  the  uterine  follicles.  The  ovum  observed  by 
Keichert  was  found  embedded  in  the  parenchyma  of  one  of 
these  islands ;  and,  as  it  was  detached,  several  villi  were  drawn 
immediately  out  from  the  uterine  tubules. 

1  See  page  806. 
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It  is  now  well  known  that  the  mucous  membrane  lining 
the.  gravid  uterus  forms  what  has  been  called  the  decidua 
vera,  and  that  a  portion  is  reflected  over  the  ovum,  to  form 
the  decidua  reflexa.  Beichert  is  of  the  opinion  that  the  view 
entertained  by  most  observers,  that  the  fecundated  ovum 
lodges  itself  in  one  of  the  furrows  of.  the  hyper trophied 
membrane  and  is  finally  enclosed  by  an  elevation  of  the  walls 
of  the  furrow,  cannot  be  sustained.  He  thinks  that  the  ovum 
first  becomes  attached  to  one  of  the  "  islands ; "  at  the  point 
of  attachment,  the  island  does  not  increase  in  size  as  rapidly 
as  at  other  portions,  so  that  the  ovum  rests  in  a  cup-shaped 
depression  ;  finally,  a  growth  takes  place  from  the  margin  of 
this  depression,  which  extends  around  and  encloses  the  ovum, 
presenting  a  spot  where  the  final  closure  takes  place,  called 
the  decidual  umbilicus.1 

"We  have  given  the  recent  views  of  Seichert  thus  fully, 
for  the  reason  that  they  are  based  upon  the  study  of  a  re- 
markably young  ovum,  and  appear  to  be  more  exact  and  def- 
inite than  any  observation  hitherto  recorded ;  and  we  shall 
adopt  this  description  as  representing  the  early  stages  of  the 
formation  of  the  membranae  deciduse. 

According  to  Reichert,  the  ovum  is  completely  enclosed 
at  the  twelfth  or  the  thirteenth  day.  The  mucous  membrane 
lining  the  uterus  becomes  the  decidua  vera,  and  the  border 
from  which  the  new  growth  is  formed  which  covers  the  ovum 
is  the  boundary  between  this  and  the  decidua  reflexa.  The 
new  growth,  springing  from  this  border,  envelops  the  ovum 
completely,  and  is  called  the  decidua  reflexa;  and,  in  this 
membrane,  there  is  no  trace  of  the  uterine  tubules. 

As  development  advances,  a  portion  of  the  decidua  vera, 
the  description  of  which  we  reserve  for  the  present,  under- 

1  Rsichert,  Beschreibung  drier  fruhxeitigen  menschHchen  FrudU  im  bldichen- 
fdrmigen  BUdungszustande  nebsi  vergleichenden  Unterxuchungen  Vber  die  btik- 
chenfbrmigen  IVuchte  der  Sdugethure  und  des  Meiuchen. — Archivfiir  Anatomie, 
Physiologic  und  wiuenachafMche  Medicin,  Leipzig,  1873,  No.  1,  S.  127,  et  uq. 
This  article  has  also  been  published  separately  in  4o.,  with  illustrations.  (Idem, 
Berlin,  1873,  S.  89.) 
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goes  development  into  the  maternal  portion  of  the  placenta. 
The  rest  of  the  decidua  vera  becomes  extended,  loses  its  ves- 
sels and  glands,  and  is  reduced  to  the  condition  of  a  simple 
membrane. 

According  tc  Robin,  the  cylindrical  epithelial  cells  of  the 
mucous  membrane  of  the  body  of  the  uterus,  soon  after  fe- 
cundation, become  gradually  exfoliated,  and  their  place  is 
supplied  by  flattened  epithelial  scales,  of  the  pavement-va- 
riety. This  change  is  effected  at  from  the  sixth  to  the  eighth 
week,  and  the  pavement-cells  are  then  found  covering  both 
the  decidua  vera  and  the  reflexa.  The  epithelium  of  the  cer- 
vix retains  itB  cylindrical  character,  but  most  of  the  cells  lose 
their  cilia.1 

During  the  first  periods  of  utero-gestation,  the  two  layers 
of  decidua  are  separated  by  a  small  amount  of  an  albuminous 
and  sometimes  a  sanguinolent  fluid;  but  this  disappears  at 
about  the  end  of  the  fourth  month,  and  the  membranes  then 
come  in  contact  with  each  other.9  They  soon  become  so 
closely  adherent  as  to  form  a  single  membrane,  which  is  in 
contact  with  the  chorion.  Sometimes,  at  full  term,  the  mem- 
branes of  the  foetus  can  be  separated  from  the  decidua ;  but 
frequently  all  of  the  different  layers  are  closely  adherent  to 
each  other. 

The  changes  we  have  just  described  are  not  participated 
in  by  the  mucous  membrane  of  the  neck  of  the  uterus.  The 
glands  in  this  situation  secrete  a  semisolid,  transparent,  viscid 
mucus,  which  closes  the  os,  and  is  sometimes  called  the  uter- 
ine plug. 

Toward  the  fourth  month,  a  very  delicate,  soft,  homo- 
geneous layer  appears  over  the  muscular  fibres  of  the  uterus, 
beneath  the  decidua  vera,  which  is  the  beginning  of  a  new 
mucous  membrane.    This  is  developed  very  gradually,  and 

1  Robin,  Memoire  sur  quelquet  points  de  Vanatomie  etdela  physiologie  de  la 
muqueuae  et  de  VepiihSUum  uUrine  pendant  la  groneue.— Journal  de  la  physiolo- 
gie,  Paris,  1858,  tome  i.,  pp.  60,  61. 

*  Longet,  TraitS  de  physioloffie,  Paris,  1869,  tome  iii.,  p.  868. 
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the  membrane  is  completely  restored  about  two  months  after 
parturition. 

Such  are  the  changes  in  the  mucous  membrane  of  the 
uterus  which  result  in  the  formation  of  the  membranes  deci- 
duae.  We  shall  not  discuss  the  old  ideas  of  the  formation  of 
a  decidua  by  an  exudation  from  the  mucous  membrane,  or 
the  view  that  the  mucous  membrane  extends  over  the  open- 
ings of  the  Fallopian  tubes,  and  that  a  portion  of  it  is  pushed 
into  the  uterus  by  the  descending  ovum  to  form  the  decidua 
refiexa,  as  these  considerations  have  now  only  an  historical 
interest.  The  mode  of  development  of  the  decidua  reflexa 
by  a  growth  of  the  mucous  membrane  of  the  uterus  over  the 
ovum  was  discovered  by  Coste ; '  and  this  view  has  been  but 
little  modified  by  the  observations  of  Reichert,  which  we 
have  quoted  so  fully. 

Development  and  Structure  of  the  Placenta. — In  describ- 
ing the  formation  of  the  membranse  deciduae  and  of  the 
chorion,  we  have  necessarily  hinted  at  the  mode  of  develop- 
ment of  the  placenta.  Although  there  is  considerable  differ- 
ence of  opinion  among  anatomists  with  regard  to  the  exact  re- 
lations between  the  vessels  of  the  mother  and  of  the  foetus  vn> 
utero,  it  is  admitted  by  all  that  the  foetus  derives  its  nourish- 
ment from  the  maternal  blood,  and  that  the  placenta  is,  in  ad- 
dition, a  respiratory  organ.  [Reasoning  from  what  we  should 
consider  to  be  the  requirements  of  the  foetus,  it  would  be 
natural  to  suppose  that  the  foetal  vessels  are  bathed  in  mater- 
nal blood ;  and  it  is  certain  that  the  two  sets  of  vessels  have 
no  direct  communication  with  each  other.  It  is  also  well 
known  that  the  foetus  has  an  independent  circulation,  its  heart 
beating  about  twice  as  fast  as  the  heart  of  the  mother.  In 
our  description  of  the  placenta,  we  shall  first  give  the  views 
which  we  conceive  to  be  correct,  and  then  advance  the  facts 

and  arguments  by  which  these  views  are  apparently  supported. 

»• 

1  Costs,  Dhfdoppement  des  corps  organists,  Paris,  1849,  Explanations  of  Plates 
ii.,  ii*.,  vii.,  etphe  humaine. 
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Beginning  with  the  first  development  of  the  placenta,  the 
observation  which  we  have  quoted  from  Reichert,  in  which, 
it  will  be  remembered,  the  tufts  of  the  foetal  chorion  were 
actually  drawn  out  of  the  tubules  of  the  uterine  mucous 
membrane,  seems  to  demonstrate  beyond  question  the  fact  of 
penetration  of  the  villi  of  the  chorion  into  the  maternal 
tubes.  This  is  a  capital  point  in  our  view  of  the  mode  of 
development  of  the  placenta ;  and  this  cannot  be  questioned, 
if  we  admit  the  accuracy  of  Reichert's  description.  It  is 
certain  that  the  portion  of  the  chorion  which  eventually  be- 
comes attached  to  the  uterus  undergoes  a  much  greater  de- 
gree of  development  than  the  rest  of  the  membrane.  The 
villi  in  this  situation  become  branched  and  arborescent ;  they 
are  filled  with  blood-vessel*,  while  the  vascularity  in  other 
parts  of  the  chorion  disappears ;  the  mucous  membrane  cor- 
responding to  this  portion  of  the  chorion  also  becomes  thick- 
ened ;  the  tubes  in  which  the  villi  have  penetrated  are  cor- 
respondingly enlarged  and  branched,  and  the  vessels  which 
surround  them  are  increased  in  size ;  finally,  the  union  be* 
tween  the  villi  and  the  tubes  becomes  so  close  that  they 
cannot  be  separated  from  each  other.  It  is  evident  that,  if 
this  be  the  mode  of  development  of  the  placenta,  the  mater- 
nal portion  is  formed  from  a  restricted  and  an  hypertrophied 
part  of  the  mucous  membrane  of  the  uterus,  and  the  foetal 
portion  is  simply  an  exceedingly  vascular  and  villous  part  of 
the  chorion. 

As  development  advances,  the  vessels  of  the  maternal 
portion  of  the  placenta  coalesce  into  great  lakes,  which  com- 
municate freely  with  the  uterine  sinuses.  In  these  great 
cavities,  we  find  the  vascular  foetal  tufts ;  and  it  is  easy  to  un- 
derstand how  transudation  of  nutritive  material  and  gases 
can  take  place  from  the  blood  of  the  mother  to  the  vascular 
system  of  the  foetus. 

If  the  above  description  be  correct,  we  should  be  able  to 
pass  an  injection  from  the  uterine  sinuses  into  the  maternal 
portion  of  the  placenta,  even  as  far  as  its  foetal  surface ;  but 
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this  is  a  point  concerning  which  there  has  been  a  great  deal 
of  discussion. 

In  injected  specimens  of  the  placenta,  when  an  attempt 
has.  been  made  to  fill  the  maternal  as  well  as  the  foetal  ves- 
sels, the  material  injected  into  the  uterine  vessels  has  some- 
times passed  through  the  entire  thickness  of  the  placenta  and 
appeared  just  beneath  the  transparent  chorion  at  the  foetal 
surface  of  the  organ.  This  appearance,  however,  has  been 
thought  by  some  writers  to  be  due  to  extravasation;  and 
many  physiologists  are  of  the  opinion  that  the  placenta  has 
no  maternal  portion,  that  it  is  entirely  a  foetal  organ,  and 
that  the  maternal  vessels  do  not  pass  beyond  the  surface  by 
which  it  is  attached  to  the  walls  of  the  uterus.  This  opinion 
we  believe  to  be  erroneous ;  and  we  quote  in  full  the  follow- 
ing observation  made  by  John  Hunter,  who  was  the  first  to 
give  a  correct  idea  of  the  relations  between  the  maternal  and 
the  foetal  vessels : * 

"  The  late  indefatigable  Dr.  McKenzie,  about  the  month 
of  May  1754,  when  assistant  to  Dr.  Smellie,  having  pro- 
cured the  body  of  a  pregnant  woman,  who  died  undelivered 
at  the  full  term,  had  injected  both  the  veins  and  arteries  with 
peculiar  success ;  the  veins  being  filled  with  yellow,  the  arte- 
ries with  red. 

"  Having  opened  the  abdomen,  and  exposed  the  uterus, 
he  made  an  incision  into  the  fore  part,  quite  through  its  sub- 
stance, and  came  to  what  seemed  to  be  an  irregular  mass  of 
injected  matter.  The  appearance  being  new,  he  proceeded 
no  further,  and  greatly  obliged  me,  by  desiring  my  attend- 
ance to  examine  parts,  in  which  the  appearances  were  so  un- 
common. The  examination  was  made  in  his  presence,  and 
in  the  presence  of  several  other  gentlemen,  whose  names  I 
have  now  forgotten ;  but  I  have  reason  to  believe  that  some 
are  settled  in  this  country,  who  I  hope  will  have  an  opportu- 
nity of  perusing  this  publication. 

1  John  Hunter,  On  the  Structure  of  the  Placenta. — Observation*  on  certain 
Parts  of  the  Animal  (Economy  y  London,  1792,  p.  168. 
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"  I  first  raised;  with  great  care,  a  part  of  the  uterus  from 
the  irregular  mass,  and  in  doing  this,  observed  regular  pieces 
of  wax  passing  obliquely  between  it  and  the  uterus,  which 
broke  off,  leaving  part  attached  to  that  mass ;  and  on  atten- 
tively examining  the  portions  towards  the  uterus,  they  plainly 
appeared  to  be  a  continuation  of  the  veins  passing  from  it  to 
this  substance,  which  proved  to  be  the  placenta. 

"  I  likewise  observed  other  vessels,  about  the  size  of  a 
crow-quill,  passing  in  the  same  manner,  although  not  so 
obliquely  ;  these  also  broke  upon  separating  the  placenta  and 
uterus,  leaving  a  small  portion  on  the  surface  of  the  pla- 
centa ;  and  on  examination  they  were  discovered  to  be  con- 
tinuations of  the  arteries  of  the  uterus.  My  next  step  was  to 
trace  these  vessels  into  the  substance  of  what  appeared  pla- 
centa, which  was  first  attempted  in  a  vein ;  but  that  soon  lost 
the  regularity  of  a' vessel,  by  terminating  at  once  upon  the 
surface  of  the  placenta  in  a  very  fine  spongy  substance ;  the 
interstices  of  which  were  filled  with  the  yellow  injected  mat- 
ter. This  termination  being  new,  I  repeated  the  same  kind 
of  examination  on  other  veins,  which  always  led  to  the  same 
terminations,  never  entering  the  substance  of  the  placenta  in 
the  form  of  a  vessel.  I  then  examined  the  arteries,  tracing 
them  in  the  same  manner  toward  the  placenta,  and  found 
that,  having  made  a  twist,  or  dose  spiral  turn  upon  them- 
selves,  they  were  lost  on  its  surface.  On  a  more  attentive 
view,  I  perceived  that  they  terminated  in  the  same  way  as 
the  veins;  for  opposite  to  the  mouth  of  the  artery,  the 
spongy  substance  of  the  placenta  was  readily  distinguished 
with  the  red  injection  intermixed. 

"  Upon  cutting  into  the  placenta  I  discovered,  in  many 
places  of  its  substance,  yellow  injection,  in  others  red,  and  in 
many  others  these  two  colours  mixed.  The  substance  of  the 
placenta,  now  filled  with  injection,  had  nothing  of  the  vascu- 
lar appearance,  nor  that  of  extravasation,  but  had  a  regularity 
in  its  form  which  showed  it  to  be  naturally  of  a  cellular 
structure,  fitted  to  be  a  reservoir  for  blood. 
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"  I  perceived  likewise,  that  the  red  injection  of  the  arte- 
ries, (which  had  been  first  injected)  had  passed  out  of  the  sub- 
stance of  the  placenta  into  some  of  the  veins  leading  from  the 
placenta  to  the  uterus,  mixing  itself  with  the  yellow  injec- 
tion ;  and  that  the  spongy  chorion,  called  the  decidua,  by  Dr. 
Hunter,  was  very  vascular,  its  vessels  going  to  and  from  the 
uterus,  being  filled  with  the  different  coloured  injections." 

We  have  quoted  the  above  in  full,  for  the  reason  that 
this  observation  seems  to  show  that  the  uterine  vessels  com- 
municate with  great  sinuses  or  lakes  of  blood  in  the  placenta. 
This  view  was  at  first  pretty  generally  adopted  by  anatomists ; 
but  some  observers  subsequently  denied  this  arrangement, 
supposing  that  the  uterine  vessels  terminated  at  the  placenta 
without  penetrating  this  organ.  Adopting,  however,  the 
Hunterian  view  of  the  arrangement  of  the  maternal  vessels, 
Beid  showed,  by  injections  of  the  umbilical  vessels,  that  the 
foetal  tufts  of  the  placenta  were  supplied  with  blood  from  the 
umbilical  arteries,  which  was  returned  to  the  foetus  by  the 
umbilical  vein.1 

The  important  point  in  the  determination  of  the  connec- 
tion of  what  may  be  termed  the  placental  maternal  sinuses 
with  the  vessels  of  the  uterus  can  be  settled  by  injection  of 
the  uterine  vessels  in  cases  in  which  the  observation  can  be 
made  while  the  placenta  is  still  attached  to  the  uterine  walls. 
Dalton,  since  1853,  has  examined  the  parts  m  situ  in  four 
cases  of  women  who  died  undelivered  at  or  near  the  full 
term  of  pregnancy,  and  adopted  the  ingenious  expedient  of 
filling  the  uterine  vessels  with  air,  by  which  the  course  of  the 
injection  could  be  directly  observed.  This  operation  is  per- 
formed in  the  following  manner :  The  uterus,  with  its  con- 
tents, is  removed  from  the  body,  is  carefully  opened,  and  the 
foetus  is  taken  out,  after  dividing  the  umbilical  cord.  The 
parts  are  then  placed  under  water,  the  end  of  a  blow-pipe  is 

1  Reid,  On  the  Anatomical  Relations  of  the  Blood-vessels  of  the  Mother  to  those 
of  the  Foetus  in  the  Human  Species. — Physiological  Anatomical  and  Pathological 
Researches,  Edinburgh,  1848,  p.  816,  et  seq. 
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introduced  into  one  of  the  divided  vessels  of  the  uterine 
walk,  and  air  is  forced  in  by  gentle  insufflation.  By  this 
process,  the  venous  sinuses  of  the  uterus  itself  are  first  filled, 
next,  the  deeper  portions  of  the  placenta,  and  finally,  "  the 
bubbles  of  air  insinuate  themselves  everywhere  between  the 
foetal  tufts,  and  appear  in  the  most  superficial  portions  of  the 
placenta,  immediately  underneath  the  transparent  chorion. 
If  the  chorion  be  now  divided  at  any  point  by  an  incision, 
passing  merely  through  its  own  thickness,  the  air,  which  was 
confined  beneath  it  in  the  placental  sinuses,  will  escape,  and 
rise  in  bubbles  to  the  surface  of  the  water.  Such  an  experi- 
ment shows  conclusively  that  the  placental  sinuses  communi- 
cate freely  with  the  uterine  vessels,  occupy  the  entire  thick- 
ness of  the  placenta,  and  are  equally  extensive  with  the  tufts 
of  the  foetal  chorion."  Dalton  farther  states  that  the  uterine 
vessels,  as  they  penetrate  the  placenta,  have  an  exceedingly 
oblique  direction,  and  that  their  orifices  may  be  easily  over- 
looked, but  can  be  seen  by  careful  inspection.1 

"We  have  no  doubt  with  regard  to  the  accuracy  of  the  ob- 
servations of  Dalton,  and  we  conceive  that  they  have  settled 
the  question  of  the  existence  of  a  true  maternal  portion  of 
the  placenta.  In  corroboration  of  this,  in  1864,  we  examined 
the  uterus,  with  the  placenta  attached,  of  a  woman  who  died 
in  the  latter  months  of  pregnancy,  in  the  presence  of  the  late 
Prof.  G.  T.  Elliot  and  Prof.  J.  P.  White,  and  forced  air  from 
the  uterine  sinuses  throughout  the  entire  thickness  of  the 
placenta,  between  the  foetal  tufts.  In  view  of  these  facts, 
concerning  which  there  can  be  no  doubt,  it  seems  unnecessary 
to  discuss  the  more  or  less  theoretical  views  of  writers  who 
have  not  made  injections  of  the  uterus  with  the  placenta  at- 
tached. The  observations  of  Dalton  have  since  been  con- 
firmed by  numerous  anatomists,  among  the  latest  of  whom 
we  may  mention  Prof.  Turner,  Dr.  J.  Matthews  Duncan, 
and  M.  Laure;    so  that  we  must   consider  the  fact  of  an 

1  Dalton,  Anatomy  of  the  Placenta.    From  the  American  Medical  Monthly, 
New  York,  July,  1858,  pp.  12, 14. 
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intra-placental  circulation  of  maternal  blood  as  definitively 
established.1 

Structure  of  the  Futty-devdoped  Placenta. — The  placenta 
of  the  human  subject  presents  certain  differences  in  its  struct- 
ure at  various  periods  of  utero-gestation,  most  of  which  have 
been  indicated  in  treating  of  its  development  At  about  the 
end  of  the  third  month,  the  limits  of  the  placenta  become 
distinct,  and  the  organ  rapidly  assumes  the  anatomical  char- 
acters observed  after  it  may  be  said  to  be  fully  developed.  It 
then  occupies  about  one-third  of  the  uterine  mucous  mem- 
brane, and  is  generally  rounded  or  ovoid  in  form,  with  a 
distinct  border  connected  with  the  decidua  and  the  chorion. 
It  is  from  seven  to  nine  inches  in  diameter,  a  little  more  than 
an  inch  in  thickness  at  the  point  of  penetration  of  the  um- 
bilical cord,  slightly  attenuated  toward  the  border,  and  weighs 
from  fifteen  to  thirty  ounces.  Its  foetal  surface  is  covered 
with  the  smooth  amniotic  membrane,  and  its  uterine  surface, 
when  detached,  is  rough,  and  divided  into  numerous  irregular 
lobes  or  cotyledons,  from  half  an  inch  to  an  inch  and  a  half 
in  diameter.  Between  these  lobes,  are  membranes,  called 
dissepiments,  which  penetrate  into  the  substance  of  the  organ, 
frequently  as  far  as  the  foetal  surface.9 

Upon  the  uterine  surface,  is  a  thin,  soft  membrane,  some- 
times called  the  decidua  serotina.  This  is  merely  a  portion  of 
the  mucous  membrane  of  the  uterus  situated  next  the  muscu- 
lar walls,  the  greater  part  of  it  not  being  thrown  off  with  the 
placenta.  It  is  composed  of  amorphous  matter,  numerous 
granulations,  and  colossal  cells  with  enlarged  and  multiple 
nuclei.  If  we  scrape  the  uterine  surface  of  a  fresh  placenta, 
these  cells  appear,  on  microscopical  observation,  very  much 

1  Turner,  Observation*  on  the  Structure  of  the  Human  Placenta.— Journal  of 
Anatomy  and  Physiology,  Cambridge  and  London,  1878,  vol.  til,  p.  188. 

Laure,  Le  placenta* — Revue  scienUfique^  Paris,  18*78-"74,  tomes  xii,  xiii, 
p.  786. 

9  Fabre,  Cyclopaedia  of  Anatomy  and  Physiology,  London,  1859,  voL  v., 
Supplement,  p.  715,  et  seq.,  Article,  Uterus  and  its  Appendage* 
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like  the  so-called  cancer-cells.  There  has  been  and  is  now  con 
siderable  difference  of  opinion  with  regard  to  the  formation 
of  the  decidua  serotina.  Some  writers,  who  do  not  admit 
that  the  placenta  has  any  trae  maternal  portion,  regard  it  as 
the  portion  of  decidua  imprisoned  between  the  chorion  and 
the  muscular  walls  of  the  uterus ;  *  but,  if  we  adopt  the  view 
that  the  placenta  is  formed  in  part  of  the  uterine  mucous 
membrane,  we  must  regard  the  serotina,  so  called,  as  simply 
the  deeper  portion  of  this  membrane. 

Adopting  the  view,  as  we  have,  that  the  villi  of  the  cho- 
rion are  bathed  in  the  maternal  blood  in  the  substance  of  the 
placenta,  and  that  these  villi  originally  penetrate  the  uterine 
tubules,  the  theory  lately  advanced  by  Ercolani,  that  the  pla- 
centa contains  utricular  glands  which  elaborate  a  fluid  for 
foetal  nutrition,  from  a  theoretical  point  of  view  at  least,  is 
not  necessary  to  explain  the  nutritive  functions  of  the  pla- 
centa. There  is  no  reason  to  believe  that  there  is  any  such 
process  of  secretion  in  the  placenta ;  and  it  is  more  consistent 
to  assume  that  there  is  a  simple  transudation  of  nutritive 
material  from  the  blood  of  the  mother  through  the  vessels  of 
the  foetal  tufts.  This  opinion  is  not  opposed  to  the  demon- 
stration, by  Ercolani,  of  utricular  glands,  developed  either 
from  the  original  uterine  tubules  or  of  new  formation;  it 
simply  does  not  admit  the  function  ascribed  to  these  glands 
by  Ercolani,  which  rests  upon  purely  theoretical  considera- 
tions." 

Bloodvessels  of  the  Placenta. — The  two  arteries  of  the 
umbilical  cord  branch  upon  the  foetal  surface  of  the  placenta 
beneath  the  amnion,  and  finally  penetrate  the  substance  of 
the  organ.    The  branches  of  the  veins,  which  are  about  six- 

1  Robin,  Mhnoire  eur  qudquet  points  de  Vanatomie  et  de  la  phynologie  de  la 
muqueuee  et  de  V  epithelium  uterine  pendant  la  orosseeee.— Journal  de  la  phynolo- 
gie, Paris,  1858,  tome  L,  p.  50. 

*  Ercolani,  Mhnoire  tur  let  piandes  utriculairee  de  PutSrue  et  tur  Vorgant 
glandulaire  de  nouvelle  formation. — Journal  de  Vanatomie)  Paris,  1868,  tome  v., 
p.  601,  et  teq. 
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teen  in  number,  converge  toward  the  cord,  and  unite  to  form 
the  umbilical  vein.  Upon  the  uterine  surface,  are  numerous 
oblique  openings  of  the  veins  which  return  the  maternal 
blood  to  the  uterine  sinuses.  There  are  also  numerous  small 
spiral  arteries,  which  pass  into  the  substance  of  the  organ  to 
supply  blood  to  the  maternal  portion.  These  are  the  "  curl- 
ing arteries,"  described  by  John  Hunter.1 

If  we  inject  the  umbilical  arteries,  the  fluid  is  returned 
by  the  umbilical  vein,  having  passed  through  the  vascular 
tufts  of  the  foetal  portion  of  the  placenta.  According  to 
Farre,  the  small  arteries  and  the  veins  of  the  villi  at  first 
communicate  through  a  true  capillary  plexus ;  but,  toward 
the  end  of  pregnancy,  the  capillaries  disappear,  leaving  loops 
of  vessels,  "  simple,  compound,  wavy,  or  much  contorted,  and 
in  parts  varicose."  * 

According  to  the  recent  researches  of  Winkler,  there  are 
three  kinds  of  foetal  villi :  1.  Those  which  terminate  just 
beneath  the  chorion,  without  penetrating  the  vascular  lacu- 
nae. 2.  Longer  villi,  which  hang  free  in  the  lacunae.  3.  Long, 
branching  villi,  which  penetrate  more  deeply  into  the  placenta, 
some  extending  as  far  as  its  uterine  surface.'  Winkler  does 
not  admit  the  existence  of  perivascular  spaces  in  the  foetal 
tuf t8,  which  have  been  described  by  Reitz.4 

The  formation  of  the  great  vascular  lakes  of  the  maternal 
portion  of  the  placenta  has  already  been  described.*  These, 
according  to  Winkler,  present  numerous  trabecule,  which  ex- 
tend from  the  uterine  to  the  foetal  surface ;  and,  between  these 
trabecule,  are  numerous  exceedingly  delicate  transverse  and 

1  Hunter,  On  the  Structure  of  the  Placenta, — Observations  on  Certain  Parte 
of  the  Animal  (Economy,  London,  1792,  p.  171. 

*  Farrb,  op.  ciL — Cyclopedia  of  Anatomy  and  Physiology,  London,  1859,. 
vol  v.,  Supplement,  p.  718. 

*  Wikklbr,  Zur  Kentniss  der  menschUchen  Placenta,i—Archiv  fur  Gynaeko- 
logic,  Berlin,  1872,  Bd.  iv.,  S.  249. 

4  Winklkr,  op.  cit.y  S.  258. 

Riitz,  in  Strickzr,  Manual  of  Human  and  Comparative  Histology,  The  New 
Sydenham  Society,  London,  1873,  vol  iil,  p.  496. 
'  See  page  878. 
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oblique  secondary  trabecular  processes.1  The  chorionic  villi, 
according  to  the  recent  observations  of  Hennig,*  contain 
blood-vessels,  which  we  have  already  described,  surrounded 
by  a  gelatinous,  connective-tissue  structure  (SdUevrngewebe), 
and  are  generally  covered  with  a  layer  of  nucleated  cells  of 
pavement-epithelium. 

In  parturition,  the  curling  arteries  and  the  veins  on  the 
uterine  surface  of  the  placenta  are  torn  off,  and  the  placenta 
then  conriste  of  the  parte  we  have  just  described;  the  torn 
ends  of  these  vessels  attached  to  the  uterus  are  closed  by  the 
contractions  of  the  surrounding  muscular  fibres;  and  the 
blood  which  is  discharged  is  mainly  derived  from  the  placenta 
itself.  Thus  the  very  contractions  which  expel  the  contents 
of  the  uterus  close  the  vessels  and  prevent  loss  of  blood  by 
the  mother. 

1  Winkles,  Zur  Kentnisa  der  menechlichen  Placenta. — Archiv  fur  Oynaeko 
logic,  Berlin,  1872,  Bd.  iv.,  a  240. 

*  Hennig,  Stttdien  vber  dm  Ban  der  menechlicken  Placenta,  Leipzig,  18*72,  S. 
19. 


CHAPTER  XVI. 

DEVELOPMENT    OF    THE    EMBEYON  —  THE    OSSEOUS,    MtTSCULAB, 

CUTANEOUS,  AND  NERVOUS   SYSTEMS. 

General  view  of  the  development  of  the  embryon — Development  of  the  cavities 
and  layers  of  the  trunk  in  the  chick — External  blastodermic  membrane— 
Intermediate  membrane,  in  two  layers — Internal  blastodermic  membrane- 
Neural  canal — Chorda  dorsalis— Primitive  aorte— Vertebra — Origin  of  the 
Wolffian  bodies — Pleuro-peritoneal  cavity — Development  of  the  skeleton — 
Ossification  of  the  skeleton — Development  of  the  muscles — Development  of 
the  skin — Development  of  the  nervous  system — Development  of  the  enceph- 
alon — Development  of  the  organs  of  special  sense — Cartilage  of  Meckel. 

The  product  of  generation  retains  the  name  of  ovum  un- 
til the  form  of  the  body  begins  to  be  apparent,  when  it  is 
called  the  embryon.  At  the  fourth  month,  about  the  time 
of  quickening,  it  is  called  the  foetus,  a  name  which  it  retains 
during  the  rest  of  intrauterine  life.  The  membranes  which 
we  have  described  in  the  preceding  chapter  are  appendages 
developed  for  the  purposes  of  protection  and  nutrition ;  and 
the  embryon  itself,  in  the  mammalia,  is  developed  from  a 
restricted  portion  of  the  layers  of  cells  resulting  from  the 
segmentation  of  the  vitellus. 

In  the  preceding  chapter,  we  have  described  the  forma- 
tion of  the  blastodermic  cells  and  the  appearance  of  the 
groove  which  is  subsequently  developed  into  the  neural  ca- 
nal. At  this  portion  of  the  ovum,  there  is  a  thickening  of 
the  blastoderm,  which  then  presents  three  layers,  the  middle 
layer,  the  thickest  and  most  important,  being  developed  from 
the  opposite  surfaces  of  the  external  and  the  internal  layer.1 
We  have  to  study,  then,  the  changes  which  take  place  in 

1  See  page  860. 
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three  layers  of  cells,  which  we  shall  call  the*  external,  the  in* 
termediate,  and  the  internal  blastodermic  membranes.  The 
earliest  stages  of  development  have  been  studied  almost  ex- 
clusively in  the  chick,  and  the  processes  here  observed  cannot 
be  assumed  to  represent  exactly  the  mode  of  development  of 
the  human  subject.  For  this  reason,  we  feel  justified  in 
adopting  the  simplest  division  of  layers,  which  is  into  three, 
and  shall  not  attempt  to  follow  the  excessively  minute  de- 
scriptions  of  the  early  arrangement  of  cells,  given  by  some 
recent  observers. 

A  general  idea  of  the  development  of  certain  of  the  im- 
portant parts  of  the  embryon  will  aid  us  in  comprehending 
the  more  minute  processes  and  the  formation  of  special  or- 
gans ;  and  this  we  can  give  without  reference  to  the  various 
divisions  of  the  blastodermic  layers  adopted  by  different 
writers.  It  makes  very  little  difference,  indeed,  as  regards 
our  actual  knowledge  of  development,  whether  we  restrict 
the  external  blastodermic  membrane  to  the  development  of 
the  epidermis,  or  whether  we  assume  that  a  portion  of  it 
forms  the  walls  of  the  neural  canal.  In  the  latter  case,  we 
simply  make  a  thicker  external  layer  at  the  expense  of  a  por- 
tion of  the  intermediate  layer.  It  is  the  discussion  of  such 
minor  points  as  this,  which  depend  mainly  upon  observations 
made  upon  the  chick,  that  we  propose  to  avoid,  in  our  en- 
deavor to  make  the  description  of  the  first  processes  of  devel- 
opment as  simple  as  possible. 

We  may  assume  that  the  furrow  for  the  spinal  canal  and 
its  dilated  superior  portion,  the  head,  have  been  closed  over  by 
the  union  of  the  dorsal,  or  medullary  plates  behind.  At  a 
later  period,  there  has  boen  a  growth  of  the  abdominal,  or 
visceral  plates,  whieh  finally  close  over  the  front  of  the  em- 
bryon. Now,  to  adopt,  with  slight  modifications,  a  simile 
given  by  Hermann,1  we  may  imagine  a  young  mammal,  with 
a  short,  straight  alimentary  canal,  taking  no  account,  for  the 
present,  of  its  glandular  appendages.    We  take  the  entire 

1  Hermann,  Orundim  der  PhyMogU,  Berlin,  1870,  a  469. 
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body  as  a  tribe,  the  caliber  of  which  is  the  alimentary  canal, 
with  walls  formed  of  concentric  layers.  Counting  these  lay- 
ers from  within  outward,  we  have  first,  the  mucous  mem- 
brane ;  next,  the  muscular  coat  of  the  intestine ;  then,  the 
visceral  serous  membrane,  the  parietal  serous  membrane,  the 
muscles  of  the  trunk  with  the  bones ;  and  finally,  the  integu- 
ment. All  of  these  layers  are  developed,  to  a  greater  or  less 
degree,  simultaneously,  from  different  layers  of  the  blasto- 
dermic cells.  With  the  view  that  we  shall  adopt,  the  exterT 
nal  blastodermic  membrane  becomes  the  epidermis,  and  the 
internal  blastodermic  membrane,  the  epithelium  of  the  ali- 
mentary canal.  The  intermediate  membrane  splits  into  two 
layers,  the  outer  layer  becoming  attached  to  the  external 
blastodermic  membrane  and  forming  the  muscular  layer  of 
the  trunk,  while  the  inner  layer  is  connected  with  the  inter- 
nal blastodermic  membrane  and  contributes  to  the  formation 
of  the  viscera.  At  a  later  period,  the  extremities  are  devel- 
oped, as  solid  processes  connected  with  the  outer  layer  of  the 
intermediate  membrane,  and  covered  by  a  prolongation  of 
the  external  blastodermic  membrane. 

Development  of  the  Cavities  and  Layers  of  the  Trunk  m 
the  Chick. — As  an  introduction  to  a  description  of  the  devel- 
opment of  special  organs  in  the  human  subject  and  in  mam- 
mals, it  will  be  found  very  useful  to  study  the  first  stages  of 
development  in  the  chick,  by  which  we  can  get  an  idea  of 
the  arrangement  of  the  different  blastodermic  layers,  and  the 
way  in  which  they  are  developed  into  the  different  parts  of 
the  trunk,  with  the  mode  of  formation  of  the  great  cavi- 
ties. In  doing  this,  we  shall  endeavor  to  describe  the  figures 
given  by  Briicke,  which  were  photographed  on  wood  from 
large  diagrams,  made  from  actual  preparations,  by  Seboth.1 
In  this  description,  we  shall  take  no  account  of  the  forma- 
tion of  the  membranes. 

Fig.  37  illustrates  one  of  the  earliest  stages  of  develop 

1  Bb&cki,  Vorletungm  tiber  Phytiologie,  Wien,  1878,  Bd.  II,  &  276. 
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ment  in  the  chick.  In  this  figure,  the  superior  layer  of  dark 
cells  (b)  represents  the  external  blastodermic  membrane.  The 
inferior  layer  of  dark  cells  (d)  represents  the  internal  blasto- 
dermic membrane.  The  middle  layer  of  lighter  cells  is  the 
intermediate  membrane,  which,  toward  the  periphery,  is  split 


Ito.  87. 


into  two  layers.  This  figure  represents  a  transverse  section. 
At  a,  is  a  transverse  section  of  the  groove  which  is  subse- 
quently developed  into  the  canal  for  the  spinal  cord.  Be- 
neath this  groove,  is  a  section  of  a  rounded  cord  (i),  the 
chorda  dorsalis.  The  openings  (g)  represent  the  situation  of 
thetwoaorte.  The  other  cavities  are  as  yet  indistinct  in 
this  figure.  • 

Fio.  88. 


Fig.  38  shows  the  same  structures  at  a  more  advanced 
stage  of  development.  The  dorsal,  or  vertebral  plates  which 
bound  the  furrow  (a)  in  Fig.  37,  are  closed  above,  and  in- 
clude (a)  the  neural  canal.  The  chorda  dorsalis  (e)  is  sepa- 
rated from  the  cells  surrounding  it  in  Fig.  37.    We  have  still 
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the  external  blastodermic  membrane  (b)  and  the  internal  blas- 
todermic membrane  ((2),  presenting  various  curves  which  fol- 
low the  arrangement  of  the  cells  of  the  intermediate  layer. 
By  the  aides  of  the  boundaries  of  the  neural  canal,  are  two 
distinct  masses  of  cells  (c),  which  are  developed  into  the  ver- 
tebra;. Outside  of  these  masses  of  cells,  are  two  smaller  col- 
lections of  cells,  afterward  developed  into  the  Wolffian  bodies, 
which  will  be  described  farther  on.  Beneath  these  two 
masses,  are  two  large  cavities  (y),  the  largest  cavities  shown 
in  Fig.  38,  presenting 
an  irregular  form,  which  *"-  **• 

are  sections  of  the  two 
primitive  aortas.  The 
two  openings  (A)  become 
afterward  the  pleuro  pe- 
ritoneal cavity. 

In  Fig.  39,  the  parts 
are  still  farther  devel- 
oped. The  neural  canal 
is  represented  (a)  nearly 
the  same  as  in  Fig.  38, 
with  the  chorda  dorsal  ia 
(e)  just  beneath  it.  A 
groove,  or  gutter  (d)  has 

been  formed  in  front,  which  is  the  groove  of  the  intes- 
tinal canal.  This  remains  open  at  this  time,  and  is  lined 
by  the  internal  blastodermic  membrane.  Just  above  d,  is 
a  single  opening  (g),  which  is  formed  by  the  union  of  the 
two  openings  (g)  in  Figs.  37  and  38,  and  this  is  the  abdomi- 
nal aorta,  which  has  here  become  single.  The  two  openings 
(A)  represent  a  section  of  the  pleuro-peritoneal  cavity.  The 
outer  wall  of  this  cavity  is  the  outer  visceral  plate,  which  is 
developed  into  the  muscular  walls  of  the  abdomen.  The 
lower  and  inner  wall  is  the  inner  visceral  plate,  which  forms 
the  main  portion  of  the  intestinal  wall.  The  outer  wall  is 
the  outer  layer  of  the  intermediate  membrane,  and  the  inner 
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wall  is  the  inner  layer  of  the  Bame  membrane.    The  two 
round  orifices  (t)  are  sections  of  the  Wolffian  ducts.1 

The  figures  we  have  just  described,  it  must  be  borne  in 
mind,  represent  transverse  sections  of  the  body  of  the  chick, 
made  through  the  middle  portion  of  the  abdomen.  In  our 
explanations  of  these  figures,  we  have  not  adhered  absolutely 
to  the  text  of  Briicke,  but  have  made  use  of  the  very  elegant 
semi-diagrammatic  illustrations  by  Waldeyer,  whose  explana- 
tions are  remarkably  clear  and  satisfactory.'  Our  explana- 
tions, however,  particularly  those  of  Fig.  39,  are  sufficiently 
extended  to  enable  us  to  study  the  development  of  special 
organs.  The  posterior  parts,  it  is  seen,  are  developed  first, 
the  situation  of  the  vertebral  column  being  marked  soon  after 
the  enclosure  of  the  neural  canal  by  the  vertebral  plates; 
and,  at  about  the  same  time,  the  two  aortae  make  their  ap- 
pearance, with  the  first  traces  of  the  pleuro-peritoneal  cavity. 
The  next  organs  in  the  order  of  development,  after  the  vas- 
cular system,  are  the  "Wolffian  bodies,  which  are  so  large  and 
important  in  the  early  life  of  the  embryon.  The  intestinal 
canal  is  then  a  simple  groove,  and  the  en*bryon  is  entirely 
open  in  front.  Were  we  now  to  follow  the  process  of  devel- 
opment farther,  we  should  see  that  the  visceral  plates  advance 
and  close  over  the  abdominal  cavity,  as  the  medullary  plates 
have  closed  over  the  neural  canal.  Thus  there  would  be  formed 
a  closed  tube,  the  intestine,  lined  by  the  thin,  internal  blasto- 

1  A  careful  study  of  the  process  of  development  in  the  chick,  as  described  by 
Reichert,  an  account  which  is  still  followed  by  some  recent  writers  of  authority 
(Longet,  TraUS  de  phyttiologie,  Paris,  1869,  tome  iii.,  p.  880,  et  aeq.\  shows  that 
the  division  of  the  blastodermic  layers  which  we  have  adopted,  as  the  one  most 
nearly  in  accordance  with  the  latest  and  most  reliable  observations,  differs  very 
little,  in  its  essential  features,  from  that  proposed  by  this  eminent  German  em- 
bryologist  Reichert  accurately  described  the  intermediate  membrane,  from 
which  the  greatest  part  of  the  embryon  is  developed,  and  regarded  what  we  have 
termed  the  external  and  the  internal  blastodermic  layers  as  of  comparatively 
little  importance.  (Reichert,  Dot  Entwickelungdeben  im  Wirbdthier-Reich^ 
Berlin,  1840,  8.  102,  et  wq.) 

'  Waldeyer,  Eiersiock  und  Ei>  Leipzig,  1870,  Taf.  iv. 
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dermic  membrane,  the  walls  of  the  intestine  being  formed  of 
the  inner  layer  of  the  intermediate  membrane.  This  would 
bring  the  external  layer  of  the  intermediate  membrane 
around  the  intestine  to  form  the  muscular  walls  of  the  ab- 
domen, the  cavity  (Fig.  39,  h)  being  the  peritoneal  cavity, 
and  the  external  covering  being  the  external  blastodermic 
membrane.  At  this  time,  the  great  Wolffian  bodies  lie  next 
the  spinal  column,  between  the  intestine  and  the  abdominal 
walls,  with  the  single  abdominal  aorta  situated  behind  the  in- 
testine. 

Development  of  the  Skeleton,  Muscular  System,  and  Shin. 

Chorda  Dorsalis. — One  of  the  earliest  structures  observed 
in  the  developing  emhryon  is  the  chorda  dorsalis.  This  is  sit- 
uated beneath  the  neural  canal,  and  extends  the  entire  length 
of  the  body.  It  is  formed  of  a  cord  of  simple  cells,  and  marks 
the  situation  of  the  vertebral  column,  though  itself  it  is  not 
developed  into  the  vertebrae,  which  grow  around  it  and  en- 
croach upon  its  substance,  until  it  finally  disappears.  This 
structure  has  been  very  minutely  described  by  Robin,  under 
the  name  of  the  notocorde.  According  to  Robin,  in  many 
mammals,  the  notocorde  presents  a  slight  enlargement  at  the 
cephalic  extremity;  which  extends  to  the  auditory  vesicles,  and 
it  is  somewhat  diminished  in  size  at  the  caudal  extremity.1 
By  the  sides  of  this  cord,  are  the  masses  of  cells  which  are 
eventually  developed  into  the  vertebrae.  The  vertebrae,  as 
they  are  developed,  are  formed  of  temporary  cartilaginous 
structure,  gradually  extending  around  the  chorda  dorsalis, 
which  then  occupies  the  axis  of  the  spinal  column.  Between 
the  bodies  of  the  vertebrae,  the  chorda  dorsalis  presents  reg- 
ular enlargements,  surrounded  by  a  delicate  membrane.  As 
ossification  of  the  spinal  column  advances,  that  portion  of  the 
chorda  dorsalis  which  is  surrounded  by  the  bodies  of  the  ver- 
tebrae disappears,  leaving  the  enlargements  between  the  ver- 
tebrae distinct.    These  enlargements,  which  are  not  perma- 

1  Robin,  M&moire  tur  revolution  de  la  notocorde,  Paris,  1868,  p.  8. 
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iient,  are  gradually  invaded  by  fibrosa  tissue,  their  gelatinous 
contents  disappear,  and  the  intervertebral  disks,  composed  of 
fibro-cartilaginous  structure,  remain.  These  disks  are  perma- 
nent between  the  cervical,  the  dorsal,  and  the  lumbar  ver- 


The  lint  sli  «ntat  mrtatmi  of  the  cmbryon  of  ■  rtbbll  one  Inch  In  Length.— a  B,  etphiBo 
porllnji  nf  ill*  Dotowrd*  eipoeed  by  the  nmonl  of  the  ™rtll»se;  0,  portion  of  thcAorcU 
SnrMlfB  rtittbOy  etilmnrrd,  which.  Id  toll  embrron,  wu  •Muted  Wwmd  th»  itlu  ud  the 
occipital  boU ;  c,  odoDtold  procc*i;  d,  bue  of  tbo  odontoid  proceu;  *,  Inferior,  or  eecood 
pun  of  the  body  of  tbo  uli ;  /.  fe  enkrgementi  of  the  chordi  dunilia  between  the  m- 
trbnc ;  p.  carflue  of  the  litonl  portion  of  the  Hlu ;  *.  huenl  portion  of  the  uis  ;  (,  (, 
tnooTtne  ipophnei  of  the  mrtabna.    (Limi  »  Bom*,  DUUomnalrm  dt  m&Uofm, 

p«r(t,  is:a,  p.  iu4i.) 

tebrre ;  but  they  eventually  disappear  from  between  the  dif- 
ferent parts  of  the  sacrum  and  coccyx,  as  these  are  consoli- 
dated, this  occurring,  in  the  human  subject,  at  from  the  ninth 
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to  the  twelfth  year.'    The  processes  of  development  just  de- 
scribed are  represented  in  Fig.  40. 

Vertebral  Column,  £2c. — In  Fig.  38  and  39  (o\  are  seen  the 
two  masses  of  cells,  situated  by  the  sides  of  the  neural  canal, 
which  are  destined  to  be  developed  into  the  vertebrae.  These 
cells  extend  around  and  encroach  upon  the  chorda  dorsalis, 
and  form  the  bodies  of  the  vertebra?.  They  also  extend 
over  the  neural  canal,  closing  above,  and  these  processes  are 
called  the  medullary,  or  dorsal  plates.  Sometimes  the  dorsal 
plates  fail  to  close  at  a  certain 
point  in  the  spinal  column,  and  Fta'  " 

this  constitutes  the  malformation 
known  as  spina  bifida.  From  the 
sides  of  the  bodies  of  the  ver- 
tebra?, the  various  processes  of 
these  bones  are  formed.  As  the 
spinal  column  is  developed,  its 
lower  portion  presents  a  projec- 
tion beyond  the  pelvis,  which 

Constitutes    a    temporary    Caudal       Unrnm  mnbrro,  >bont  w  month  old. 

appendage,  curved   toward  the       mod  upper  p*™  of  tn*  tody,  ti» 
abdomen;    but  this   no   longer        ttorndiDwuM7eoDdl£oMofti»Bp- 

•      a.        £a. ii      1.  •  71  per  UKi  lower  onnmlUai,  nod  tie 

projects  after  the  bones  of  the  ntdtrarauiT  t*u  *  a»  end  or  tn* 
pelvis  are  fully  developed.  At  fitytiotom,  Kiiweiphu,  imi,  p. 
the  same  time,  the  entire  verte- 
bral column  is  curved  toward  the  abdomen,  and  it  is  twisted 
upon  its  axis  from  left  to  right,  bo  that  the  anterior  face  of 
the  pelvis  presents  a  right  angle  to  the  upper  part  of  the 
body ;  but,  as  the  inferior  extremities  and  the  pelvis  become 
developed,  the  spine  becomes  straight.  The  vertebraa  make 
their  appearance  first  in  the  middle  of  the  dorsal  region,  from 
which  point,  they  rapidly  extend  upward  and  downward,  until 
the  spinal  column  is  complete. 

At  the  base  of  the  skull,  on  either  Bide  of  the  superior 

1  Kobis,  Mhnoire  war  Vtvolution  <U  la  noiocvrde,  Paris,  1868,  p.  10. 
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prolongation  of  the  chorda  dorsalis,  are  two  cartilaginous 
processes,  which  are  developed  into  the  so-called  cranial  ver- 
tebrae. In  this  cartilaginous  mass,  three  ossific  points  ap- 
pear, one  behind  the  other.  The  posterior  point  of  ossifica- 
tion is  for  the  basilar  portion  of  the  occipital  bone,  which  is 
developed  in  the  same  way  as  one  of  the  vertebrae ;  the  mid- 
dle point  is  for  the  posterior  portion  of  the  sphenoid;  and  the 
anterior  point  is  for  the  anterior  portion  of  the  sphenoid. 
The  frontal  bone,  the  parietal  bone,  the  temporal  bone,  and 
a  portion  of  the  occipital  bone  are  developed  from  the 
connective  tissue,  without  the  intervention  of  preexisting 
cartilaginous  structure.  The  development  of  the  face  will 
be  described  separately.  At  the  time  when  the  vertebrae 
are  being  developed,  with  their  laminae  and  their  spinous 
and  transverse  processes,  the  ribs  extend  over  the  thorax, 
and  the  clavicle,  scapula,  and  sternum  make  their  appear- 
ance. 

At  about  the  beginning  of  the  second  month,  four  papil- 
lary prominences,  which  are  the  first  traces  of  the  arms  and 
legs,  appear  on  the  body  of  the  embryon.  These  progress- 
ively increase  in  length,  the  arms  appearing  near  the  middle 
of  the  embryon,  and  the  legs,  at  the  lower  portion.  Each  ex- 
tremity is  divided  into  three  portions,  the  arm,  forearm,  and 
hand,  for  the  upper  extremities,  and  the  thigh,  leg,  and  foot, 
for  the  lower  extremities.  At  the  end  of  each  extremity, 
there  are,  finally,  divisions  into  the  fingers  and  toes,  with  the 
various  cartilages  and  bones  of  all  of  these  parts,  and  their 
articulations. 

Very  early  in  intrauterine  life,  the  skeleton,  which  is  at 
first  entirely  cartilaginous,  begins  to  ossify,  from  little  bony 
points  which  appear  in  the  cartilaginous  structure.  The  first 
points  appear  at  nearly  the  same  time  (about  the  beginning  of 
the  second  month)  in  the  clavicle  and  the  upper  and  the  lower 
jaw.  Similar  ossific  points,  which  gradually  extend,  are  also 
seen  in  other  parts,  the  head,  ribs,  pelvis,  scapula,  metacarpus 
and  metatarsus,  and  the  phalanges  of  the  fingers  and  toes.   At 
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birth,  the  carpus  is  entirely  cartilaginous  and  does  not  begin 
to  ossify  until  the  second  year ;  and  the  same  is  true  of  the 
tarsus,  except  the  calcaneum  and  astragalus,  which  ossify  just 
before  birth.  The  pisiform  bone  of  the  carpus  is  the  last 
to  take  on  osseous  transformation,  this  occurring  at  from  the 
twelfth  to  the  fifteenth  year.1  As  ossification  progresses,  the 
deposits  in  the  various' ossific  points  gradually  extend  until 
they  reach  the  joints,  which  remain  incrusted  with  the  per- 
manent articular  cartilage. 

While  the  skeleton  is  being  thus  developed,  the  muscles 
are  formed  from  the  outer  layer  of  the  intermediate  blasto- 
dermic  membrane,  and  the  visceral  plates  close  over  the  tho- 
rax and  abdomen  in  front,  leaving  an  opening  for  the  um- 
bilical cord.  According  to  Burdach,  the  various  tissues  of 
the  external  parts,  particularly  the  muscles,  begin  to  be  dis- 
tinct at  the  end  of  the  second  month.'  The  deep  layers  of 
the  dorsal  muscles  are  the  first  to  be  distinguished ;  then,  suc- 
cessively, the  long  muscles  of  the  neck,  the  anterior  straight 
muscles  of  the  head,  the  straight  and  transverse  muscles  of 
the  abdomen,  the  muscles  of  the  extremities,  the  superficial 
muscles  of  the  back,  the  oblique  muscles  of  the  abdomen, 
and  the  muscles  of  the  face. 

The  skin  appears  at  about  the  beginning  of  the  second 
month,  when  it  is  very  delicate  and  transparent.  At  the  end 
of  the  second  month,  the  epidermis  may  be  distinguished. 
The  sebaceous  follicles  are  developed  at  the  third  month; 
and,  at  about  the  fifth  month,  the  surface  is  covered  with 
their  secretion  mixed  with  desquamated  epithelium.  This 
cheesy  substance  constitutes  the  vernix  caseosa.'  At  the 
third  month,  the  nails  make  their  appearance,  and  the  hairs 
begin  to  grow  at  about  the  fifth  month.4  The  sudoriparous 
glands  first  appear  at  about  the  fifth  month,  by  the  formation 
of  flask-like  processes  of  the  true  skin,  which  are  gradually 

1  Dalton,  Human  Physiology,  Philadelphia,  1871,  p.  662. 

1  Bubdach,  TraM  de  phytiologie,  Paris,  1888,  tome  iiL,  p.  416. 

•  See  toL  ill,  Secretion,  p.  67.         *  Burdach,  op.  ciL,  p.  404,  et  *q. 
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elongated  and  convoluted,  until  they  are  folly  developed  only 
a  short  time  before  birth.1 

Development  qf  the  Nervoit*  System. 

We  have  seen,  in  studying  the  development  of  the  spinal 
column,  how  the  dorsal,  or  medullary  plates  close  over  the 
groove  for  the  neural  canal.  In  the  interior  of  this  canal, 
the  cerebrospinal  axis  is  developed,  by  cells,  which  gradually 
encroach  upon  its  caliber,  until  we  have  remaining  only  the 
small  central  canal  of  the  spinal  cord,  communicating  with 
the  ventricles  of  the  brain.  As  the  nervous  tissue  is  devel- 
oped in  the  interior  of  this  canal,  there  is  a  separation  of  the 
histological  elements  at  the  surface,  to  form  the  membranes. 
The  dura  mater  and  the  pia  mater  are  formed  first,  appear- 
ing at  about  the  end  of  the  second  month,  while  the  arach- 
noid is  not  distinct  until  the  fifth  month.1  The  nerves,  ac- 
cording to  Longet,  are  not  produced  as  prolongations  from 
the  cord  into  the  various  tissues,  nor  do  they  extend  from 
the  tissues  to  the  cord ;  but  they  are  developed,  in  each  tis- 
sue, by  a  separation  of  histological  elements  from  the  cells 
of  which  the  parts  are  originally  constituted,  which  at  first 
appear  to  be  identical  in  their  morphological  characters.* 
The  nerves  of  the  sympathetic  system  are  developed  in  the 
same  way. 

The  mode  of  development  of  the  spinal  cord  is  thus  suffi- 
ciently simple ;  but,  with  the  growth  of  the  embryon,  we  ob- 
serve dilatations  at  the  superior  and  at  the  inferior  extremi- 
ties of  the  neural  canal.  The  cord  is  uniform  in  size  in  the 
dorsal  region,  marked  only  by  the  regular  enlargements  at 
the  sites  of  origin  of  the  spinal  nerves ;  but  we  soon  observe 
an  ovoid  dilatation  below,  which  forms  the  lumbar  enlarge- 
ment, from  which  the  nerves  are  given  off  to  the  inferior  ex- 

1  Bikiadecki,  in  Stricter,  Manual  of  Human  and  Comparative  HUtology% 
The  New  Sydenham  Society,  London,  1872,  toL  il,  p.  240. 
'  Lonor,  Traitt  de  phyriotogU,  Paris,  1869,  tome  iiL,  p.  898. 
*  Loc.cU. 
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inanities,  and  the  brachial  enlargement  above,  where  the 
nerves  of  the  superior  extremities  take  their  origin.  At  the 
same  time,  there  is  a  more  marked  dilatation  of  the  canal  at 
its  cephalic  extremity.  Here,  a  single  enlargement  appears, 
which  is  soon  divided  into  three  vesicles,  called  the  anterior, 
middle,  and  posterior  cerebral  vesicles.  These  become  more 
and  more  distinct  as  development  advances.  The  formation  of 
these  parts  is  illustrated  in  Fig,  42,  taken  from  "Wagner,  and 
made  more  distinct  by  Longet,  as  they  are  drawn  upon  a 
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black  ground.  This  figure,  in  C,  shows  the  projections,  on 
either  side,  of  the  vesicles  which  are  eventually  developed 
into  the  nervous  portions  of  the  organ  of  vision. 

The  three  cerebral  vesicles  now  undergo  farther  changeB. 
The  superior,  which  we  may  call  the  first  primitive  vesicle, 
enumerating  them  from  above  downward,  is  soon  divided 
into  two  secondary  vesicles,  the  anterior  of  which  becomes 
the  cerebral  hemispheres,  and  the  posterior,  the  optic  thalami, 
which  are  eventually  covered,  by  the  greater  relative  develop- 
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ment  of  the  hemispheres.  The  middle,  or  second  primitive 
vesicle,  does  not  undergo  division,  and  is  developed  into  the 
tubercula  qnadrigemina,  or  centres  of  vision.  The  posterior, 
or  third  primitive  vesicle,  is  divided  into  two  secondary  vesi- 
cles, the  anterior  of  which  becomes  the  cerebellum,  and  the 
posterior,  which  is  covered  by  the  anterior,  the  medulla  ob- 
longata and  the  pons  Varolii.  While  this  division  of  the 
primitive  cerebral  vesicles  is  going  on,  the  entire  chain  of 
encephalic  ganglia  becomes  curved  from  behind  forward, 
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forming  three  prominent  angles.  The  first  of  these  angles 
or  prominences  (e,  Fig.  43,  A,  B,  C),  Counting  from  before 
backward,  is  formed  by  a  projection  of  the  tnbercula  ouadri- 
gemina,  which,  at  this  time,  constitute  the  most  projecting 
portion  of  the  encephalic  mass ;  the  second  prominence  (c, 
Fig.  43),  situated  behind  the  tnbercula  qnadrigemina,  is 
formed  by  the  projection  of  the  cerebellum ;  the  third  (d, 
Fig.  43,  A,  B,  C),  is  the  bend  of  the  superior  portion  of  the 
spinal  cord.  These  projections  and  the  early  formation  of 
certain  parts  of  the  encephalon  in  the  human  subject  are  il- 
lustrated in  Fig.  43,  taken  from  Tiedemann  by  Longet. 
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The  cerebrum,  as  we  have  just  seen,  is  developed  from 
the  anterior  division  of  the  first  primitive  cerebral  vesi- 
cle. The  development  of  this  part  is  more  rapid  in  its  lat- 
eral portions  than  in  the  median  line,  which  divides  the  cere- 
brum imperfectly  into  two  lateral  halves,  forming,  in  this 
way,  the  great  longitudinal  fissure.  At  the  same  time,  by  the 
rapid  development  of  the  posterior  portion,  it  extends  over 
the  optic  thalami,  the  corpora  quadrigemina,  and  the  cerebel- 
lum. Up  to  the  end  of  the  fourth  month,  the  hemispheres 
are  smooth  on  their  surface ;  but  they  then  begin  to  present 
large  depressions,  following  folds  of  the  pia  mater,  which  are 
the  first  convolutions,  these  increasing  rapidly  in  number  and 
complexity,  especially  after  the  seventh  month.1  The  sep- 
tma  lodfanbta  formed  by  an  elevation  of  nervous  maV 
ter  from  the  base,  which  divides  the  lower  portion  of  the 
space  left  between  the  hemispheres  as  they  ascend,  and  forms 
the  two  lateral  ventricles.  At  the  base  of  these,  are  devel- 
oped the  corpora  striata.  The  septum  lucidum  is  formed  of 
two  laminae,  with  a  small  space  between  them,  which  is  the 
cavity  of  the  fifth  ventricle.  The  posterior  division  of  this 
first  primitive  vesicle  forms  the  optic  thalami.  These  become 
separated  in  front  into  two  lateral  halves,  but  they  remain 
connected  together  at  their  posterior  portion,  which  becomes 
the  posterior  commissure.  The  central  canal  of  the  cord  is 
prolonged  upward  between  the  optic  thalami,  and  forms  the 
third  ventricle,  which  is  covered  by  the  hemispheres. 

The  second,  or  middle  cerebral  vesicle  becomes  filled 
with  medullary  substance,  extends  upward,  and  forms  the 
peduncles  of  the  cerebrum,  the  upper  portion  being  divided 
to  form  the  tubercula  quadrigemina. 

The  anterior  portion  of  the  third  primitive  vesicle  is  de- 
veloped into  the  cerebellum,  the  convolutions  of  which  ap- 
pear at  about  the  fifth  month.  Its  posterior  portion  forms 
the  medulla  oblongata,  in  the  substance  of  which  is  the  fourth 
ventricle,  communicating  with  the  third  ventricle  by  a  little 

1  Longet,  TrailS  de  physiologie,  Paris,  1869,  tome  iii.,  p.  891. 
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canal,  the  aqueduct  of  Sylvius,  which  is  left  in  the  develop* 
ment  of  the  middle  vesicle.  At  about  the  fourth  month, 
there  is  a  deposition  of  nervous  matter  in  front  and  above, 
forming  the  pons  Varolii.1 

In  Fig.  42  (<7,  o)9  it  is  seen  that  the  vesicles  for  the  organs 
of  vision  appear  very  early,  as  lateral  offshoots  of  the  anterior 
cerebral  vesicle.  These  gradually  increase  in  size  and  ad- 
vance anteriorly,  as  development  of  the  other  parts  progresses. 
We  shall  see,  when  we  come  to  study  the  development  of  the 
face,  that  the  eyes  are  situated  at  first  at  the  sides  of  the 
head,  gradually  approaching  the  anterior  portion.  At  the 
extremity  of  each  of  these  lateral  prolongations,  a  rounded 
mass  appears,  which  becomes  the  globe  of  the  eye.  The  su- 
perficial portions  of  the  globe  are  developed  into  the  scle- 
rotic and  the  cornea,  which  seem  to  be  formed  of  a  process 
from  the  dura  mater.  The  pedicle  attached  to  the  globe  be- 
comes the  optic  nerve.  The  iris  is  developed  at  about  the 
seventh  week,  and  is  at  first  a  simple  membrane,  without 
any  central  opening.  As  the  pupil  appears,  it  is  closed  by  a 
vascular  membrane,  which  probably  belongs  to  the  capsule  of 
the  crystalline  lens,  and  is  called  the  pupillary  membrane. 
This  membrane  gradually  disappears  by  an  atrophy  extending 
from  the  centre  to  the  periphery.  It  attains  its  maximum  of 
development  at  the  sixth  month,  and  disappears  at  the  seventh 
month.  The  vitreous  humor  is  formed  of  the  fluid  contents 
of  the  optic  vesicle.  The  crystalline  lens  is  regarded  as  a 
product  of  the  tegumentary  layer.  At  the  tenth  week,  we 
observe  the  beginning  of  the  formation  of  the  eyelids.  These 
meet  at  about  the  fourth  month  and  adhere  together  by  their 
edges."  In  many  mammals,  the  eyelids  remain  dosed  for  a 
few  days  after  birth  ;  but  they  become  separated  in  the  hu- 
man subject  in  the  later  periods  of  foetal  life. 

It  is  probable  that  the  vesicle  which  becomes  developed 
into  the  internal  ear  is  formed  independently ;  at  least,  cases 

1  Longet,  TraitS  de  physiologie,  Paris,  1869,  tome  iii.,  p.  893 
1  Ibid.,  p.  896. 
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have  been  observed  in  which  there  was  congenital  absence  of 
the  auditory  nerves,  the  parts  of  the  internal  ear  being  per- 
fect. Soon  after  the  formation  of  the  auditory  vesicle,  how- 
ever, it  communicates  with  the  third  primitive  cerebral  vesi- 
cle, the  filament  of  communication  being  developed  into  the 
auditory  nerve.  ' 

The  auditory  vesicle,  which  appears  subsequently  to  the 
organ  of  vision,  is  eventually  developed  into  the  vestibule. 
The  next  formations  are  the  arches,  or  diverticula,  which  con- 
stitute the  semicircular  canals.  According  to  Meckel,,  the 
membranous  labyrinth  appears  long  before  the  osseous  laby- 
rinth; and  he  has  found  it  perfectly  developed  at  three 
months.1  The  bones  of  the  middle  ear,  which  have  no  con- 
nection, in  their  development,  with  the  nervous  system,  but 
which  it  is  convenient  to  mention  here,  are  remarkable  for 
their  early  appearance.  According  to  Meckel,  who  has  do- 
scribed  their  development  very  accurately,  they  appear  at 
the  beginning  of  the  third  month,  and  are  as  large  in  the 
foetus  at  term  as  in  the  adult.  A  remarkable  anatomical 
point  with  relation  to  these  structures  is  the  existence  of 
a  cartilage,  attached  to  the  malleus  on  each  side  and  ex- 
tending from  this  bone  along  the  inner  surface  of  the  lower 
jaw,  the  two  cartilages  meeting  and  uniting  in  the  median 
line  to  form  a  single  cord.  "  This  cartilage  now  ossifies,  al- 
though, in  the  commencement,  it  forms  most  of  the  mass  of 
the  bone ;  it  disappears  at  the  eighth  month."  *  This  curious 
structure  has  been  very  elaborately  described  by  Robin  and 
Magitot,  and  is  known  as  the  cartilage  of  Meckel.9 

There  are  no  special  points  for  description  in  the  develop- 
ment of  the  olfactory  lobes,  which  is  very  simple.  These 
are  offshoots  from  the  first  cerebral  vesicle,  appearing  at  the 
inferior  and  anterior  part  of  the  cerebral  hemispheres,  a  little 

1  Meckel,  Manual  of  General,  DttcripHve,  and  Pathological  Anatomy,  Phila- 
delphia, 1832,  vol.  Hi.,  p.  137. 

*  Meckel,  loc.  cit. 

'  Robin  et  Magitot,  Memoire  sur  la  genfae  et  le  dhdoppement  des  folliculet 
deitiairet. — Journal  de  la  phyiiologii,  Paris,  1860,  tome  iii,  p.  15,  et  seq. 
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later  than  the  parts  connected  with  vision  and  audition.  The 
vesicles  themselves  become  filled  with  ganglionic  matter,  and 
constitute  the  olfactory  bulbs,  their  pedicles  being  the  so- 
called  olfactory  nerves,  or  commissures. 

As  far  as  the  functions  of  the  nervous  system  of  the 
foetus  are  concerned,  it  is  probable  that  they  are  mainly  re- 
stricted to  reflex  phenomena  depending  upon  the  action  of 
the  spinal  cord,  and  that  perception  and  volition  hardly 
exist.  It  is  probable  that  many  reflex  movements  take 
place  m  utero.  When  a  foetus  is  removed  from  the  uterus  of 
an  animal,  even  during  the  early  periods  of  pregnancy,  move- 
ments of  respiration  occur,  a  fact  which  we  have  often  de- 
monstrated to  medical  classes ;  and  it  is  well  known  that  ef- 
forts of  respiration  sometimes  occur  within  the  uterus.  This 
we  believe  to  be  a  reflex  action  excited  by  the  want  of  oxy- 
gen in  the  tissues,  when  the  placental  circulation  is  inter- 
rupted* We  have  already  discussed  these  phenomena  in  an- 
other volume.1 

1  See  yoL  L,  Respiration,  p.  487. 


CHAPTEE  XVII. 

DEVELOPMENT  OF  THE    ALTMENTABY   SYSTEM,  THE  BESPIRATOBY 

SYSTEM,   AND  THE  FACE. 

First  appearance  of  the  intestinal  canal — Formation  of  the  mesentery — Forma- 
tion of  the  stomach — Development  of  the  large  intestine-— Appearance  of 
the  intestinal  villi — Formation  of  the  pharynx  and  oesophagus — Develop- 
ment of  the  anus — The  liver,  pancreas,  and  spleen — Development  of  the 
respiratory  system — Development  of  the  face — Visceral  arches,  and  their 
development — Malformations  of  the  face — Development  of  the  teeth. 

The  intestinal  canal  is  the  first  formation  of  the  aliment- 
ary system.  As  we  have  seen  in  Chapter  XVI.,  this  is  at 
first  open  in  the  greatest  part  of  its  extent,  presenting,  at 
either  extremity  of  the  longitudinal  gutter,  in  front  of  the 
spinal  column,  a  rounded,  blind  extremity,  which  is  closed 
over  in  front  for  a  short  distance.  The  closure  of  the  ab- 
dominal plates  then  extends  laterally  and  from  the  two  ex- 
tremities of  the  intestine,  until  we  have  only  the  opening  re- 
maining for  the  passage  of  the  umbilical  cord  and  the  pedicle 
of  the  umbilical  vesicle.  There  is  at  first  an  open  communi- 
cation between  the  lower  part  of  the  intestinal  tube  and  the 
allantois,  which  forms  the  canal  known  as  the  urachus ;  but 
that  portion  of  this  communication  which  remains  enclosed  in 
the  abdominal  cavity  becomes  separated  from  the  urachus,  is 
dilated,  and  eventually  forms  the  urinary  bladder.  When  the 
bladder  is  first  shut  off,  it  communicates  with  the  lower  por- 
tion of  the  intestine,  which  is  called  the  cloaca ;  but  it  finally 
loses  this  connection,  and  presents  a  special  opening,  the 
urethra. 

As  development  advances,  the  intestine  grows  rapidly  in 
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length  and  becomes  convoluted.  It  is  held  loosely  to  the 
spinal  column  by  the  mesentery,  a  fold  of  the  peritoneum, 
this  membrane  being  reflected  along  the  walls  of  the  abdom- 
inal cavity.  In  the  early  stages  of  development,  a  portion  of 
the  intestine  protrudes  at  the  um- 
T"'-  **■  bilicns,  where  the  first  intestinal  tod 

volution  appears ;   and  sometimes 
there  is  a  congenital  hernia  of  this 
kind  at  birth,  which  usually  disap- 
pears under  the  influence  of  gentle 
and  continued  pressure.     An  illus- 
tration of  this  is  given  in  Fig.  44. 
This  protrusion,  in  the  normal  pro- 
cess of  development,  is  gradually 
returned  to  the  abdomen,  as  the 
F^pto-Aowt^.h^rftatatti*    cavity  of  the  pedicle  of  the  nm- 
i74^™a£btt^™i°n™    billed  vesicle  is  obliterated,  at  about 
ISL^MEZra    the  tenth  week. 
S&mSSimXD         At  the  npper  part  of  the  ab- 
i^fcF^i^^Mi"^    dominal  cavity,  the  alimentary  ca- 
nal   presents  two  lateral    projec- 
tions, or  pouches.     The  one  on  the  left  side,  as  it  increases  in 
size,  becomes  the  greater  pouch  of  the  stomach  ;  and  the  one 
on  the  right  side,  the  lesser  pouch. 

At  a  short  distance  below  the  attachment  of  the  pedicle  of 
the  umbilical  vesicle  to  the  intestine,  there  appears  a  rounded 
diverticulum,  which  is  eventually  developed  into  the  csecum, 
or  the  commencement  of  the  larger  intestine.  The  csecum 
gradually  recedes  from  the  neighborhood  of  the  umbilicus, 
which  is  its  original  situation,  and  finally  becomes  fixed,  by  a 
shortening  of  the  mesentery,  in  the  right  iliac  region.  As  the 
caecum,  or  caput  coli,  is  developed,  it  presents  a  conical  append- 
age, which  is  at  first  fully  as  large  as  the  small  intestine,  and 
is  relatively  longer  than  in  the  adult.  During  the  fourth 
week,  this  appendage  becomes  smaller  and  more  or  less  twisted, 
forming  the  appendix  vermiformis.  At  the  second  month,  the 
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esecum,  or  caput  coli,  as  we  have  seen,  is  at  the  umbilicus,  and 
the  large  intestine  extends  in  a  straight  line  toward  the  anus ; 
at  the  third  month,  it  is  situated  at  about  the  middle  of  the 
abdomen ;  and  it  gradually  descends,  until  it  reaches  the  right 
iliac  region  at  about  the  seventh  month.  Thus,  at  the  second 
month,  there  is  only  a  descending  colon ;  the  transverse  colon 
is  formed  at  the  third  month ;  and  the  ascending  colon,  at  the 
fifth  month.  The  ileo-csecal  valve  appears  at  the  third  month ; 
the  rectum,  at  the  fourth  month ;  and  the  sigmoid  flexure  of 
the  colon,  at  the  fifth  month.1  During  this  time,  the  large 
intestine  increases  more  rapidly  in  diameter  than  the  small 
intestine,  while  the  latter  develops  more  rapidly  in  its  length. 

In  the  early  stages  of  development,  the  surface  of  the  in- 
testines is  smooth ;  but  villi  appear  on  its  mucous  membrane 
during  the  latter  half  of  intra-uterine  existence.  These  are 
found  at  first  both  in  the  large  and  the  small  intestine.  At 
the  fourth  month,  they  become  shorter  and  less  numerous  in 
the  large  intestine,  and  are  lost  at  about  the  eighth  month, 
when  the  projections  which  bound  the  sacculi  of  this  portion 
*of  the  intestinal  canal  make  their  appearance.  The  valvule 
conniventes  appear,  in  the  form  of  slightly-elevated,  trans- 
verse folds,  in  the  upper  portion  of  the  small  intestine.9  The 
villi  of  the  small  intestine  are  permanent. 

The  mesentery  is  first  formed  of  two  perpendicular  folds, 
attached  to  the  sides  of  the  spinal  column.  As  the  intestine 
undergoes  development,  a  portion  of  the  peritoneal  mem- 
brane extends  in  a  quadruple  fold  from  the  stomach  to  the 
colon,  to  form  the  great  omentum,  which  covers  the  small  in- 
testine in  front. 

As  the  head  undergoes  development,  a  large  cavity  ap- 
pears, which  is  eventually  bounded  by  the  arches  that  are 
destined  to  form  the  different  parts  of  the  face.  This  is  the 
pharynx.  It  is  entirely  independent,  in  its  formation,  of  the 
intestinal  canal,  the  latter  terminating  in  a  blind  extremity  at 

1  Burdach,  Traiti  de  phyriologie,  Paris,  1888,  tome  iiL,  pp.  476,  477. 
•  Ibid,  p.  470. 
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the  stomach ;  and.  between  the  pharynx  and  the  stomach,  there 
is  at  fin*  no  channel  of  commStion.  The  anterio^  por- 
tion of  the  pharynx  presents,  during  the  sixth  week,  a  large 
opening,  which  is  afterward  partially  closed  in  the  formation 
of  the  face.  The  rest  of  this  cavity  remains  closed  until 
a  communication  is  effected  with  the  oesophagus.  The 
oesophagus  appears  in  the  form  of  a  tube,  which  finally 
opens  into  the  pharynx  above  and  the  stomach  below.  At 
this  time,  there  is  really  no  thoracic  cavity,  the  upper  part 
of  the  stomach  is  very  near  the  pharynx,  the  oesophagus  is 
short,  the  rudimentary  lungs  appear  by  its  sides,  and  the  heart 
lies  just  in  front.  As  the  thorax  is  developed,  however,  the 
oesophagus  becomes  longer,  the  lungs  increase  in  size,  and 
finally  the  diaphragm  shuts  off  this  cavity  from  the  cavity  of 
the  abdomen.  The  growth  of  the  diaphragm  is  from  its 
periphery  to  the  central  portion,  which  gives  passage  to  the 
vessels  and  the  oesophagus.  Sometimes,  when  this  closure  is 
incomplete,  we  have  the  malformation  known  as  congenital 
diaphragmatic  hernia. 

The  development  of  the  anus  is  sufficiently  simple.  At 
first,  as  we  have  seen,  the  intestine  terminates  below  in  a 
blind  extremity ;  but,  at  about  the  seventh  week,  a  longitu- 
dinal slit  appears  below  the  external  organs  of  generation, 
by  which  the  rectum  opens.  This  is  the  anus.  It  is  not 
very  unusual  to  observe  an  arrest  in  the  development  of 
this  opening,  the  intestine  terminating  in  a  blind  extremity, 
a  short  distance  beneath  the  integument.  This  constitutes  the 
malformation  known  as  imperforate  anus,  a  deformity  which 
can  usually  be  relieved,  without  much  difficulty,  by  a  surgical 
operation,  if  the  distance  between  the  rectum  and  the  skin  be 
not  too  great.  The  opening  of  the  anus  appears  about  a 
week  after  the  opening  of  the  mouth,1  at  or  about  the  seventh 
week. 

The  rudiments  of  the  liver  appear  very  early,  and,  in- 
deed, at  the  end  of  the  first  month,  this  organ  has  attained 

1  Burdach,  Traiti  de  phynologie,  Paris,  1888,  tome  Hi.,  pp.  467,  468. 
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an  enormous  size.  According  to  BischofE,1  two  projections, 
or  buds,  appear  on  either  side  of  the  intestine,  which  form 
the  two  principal  lobes  of  the  liver.  This  organ  is  at  first 
symmetrical,  the  two  lobes  being  of  nearly  the  same  size, 
with  a  median  fissure.  One  of  these  prolongations  from  the 
intestine  becomes  perforated,  and  forms  the  excretory  duct, 
of  which  the  gall-bladder,  with  its  duct,  is  an  appendage. 
During  the  early  part  of  foetal  life,  the  liver  occupies  the 
greatest  part  of  the  abdominal  cavity.  According  to  Bur- 
dach,  its  weight,  in  proportion  to  the  weight  of  the  body  at 
different  ages,  is  as  follows :  At  the  end  of  the  first  month,  1 
to  3 ;  at  term,  1  to  18 ;  in  the  adult,  1  to  36."  Its  structure 
is  very  soft  during  the  first  months,  and  it  is  only  at  about 
the  fourth  or  fifth  month  that  it  assumes  one  of  its  most  im- 
portant functions ;  viz.,  the  production  of  sugar.'  As  devel- 
opment advances,  and  as  the  relative  size  of  the  liver  gradu- 
ally diminishes,  its  tissue  becomes  more  solid. 

The  pancreas  appears  at  the  left  side  of  the  duodenum, 
by  the  formation  of  two  ducts  leading  from  the  intestine, 
which  branch  and  develop  glandular  structure  at  their  ex- 
tremities. The  spleen  is  developed,  about  the  same  time,  at 
the  greater  curvature  of  the  stomach.  This  organ  is  abun- 
dantly supplied  with  blood-vessels,  but  has  no  excretory  duct. 
According  to  Meckel,  the  spleen  becomes  distinct  during  the 
second  month.4 

There  is  no  reason  to  believe  that  any  of  the  digestive 
fluids  are  secreted  during  intrauterine  life.  The  stomach,  at 
least,  never  contains,  at  this  time,  an  acid  secretion.  At 
birth,  the  intestine  contains  a  peculiar  substance,  called  me- 
conium, which  will  be  described  farther  on.  Gholesterine, 
an  important  constituent  of  the  bile,  is  found  in  the  meco- 

1  Bischotf,  TraitS  du  dSvdoppement  de  Phomme  et  dee  mammiferes. — Bncydo- 
pSdie  anatomiqttey  Paris,  1843,  tome  viii.,  p.  830. 

9  Bubdach,  Traiti  de  phytiologie,  Paris,  1888,  tome  Hi,  p.  483. 

8  Bernard,  Lepone  *ur  la  physiologic  ezpSrimentaU,  Paris,  1855,  p.  82. 

4  Meckel,  Manual  of  General,  Descriptive,  and  Pathological  Anatomy,  Phila- 
delphia, 1882,  vol  iii,  p.  321. 
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nium  in  large  quantity,  bat  its  function  is  connected  exclu- 
sively with  excretion.1 

Development  of  the  Respiratory  System. 
On  the  anterior  surface  of  the  membranous  tube  which 
becomes  the  oesophagus,  an  elevation  appears,  which  soon 
presents  an  opening  into  the  oesophagus,  the  projection  form- 
ing, at  this  time,  a  single,  hollow  cul-de-sac.  This  opening 
becomes  the  rima  glottidis,  and  the  single  tube  with  which  it 
is  connected  is  developed  into  the  trachea.  At  the  lower  ex- 
tremity of  this  tube,  a  bifurcation  appears,  terminating  first 
in  one,  and  afterward,  in  several  euh-de-sac.  The  bifurcated 
tube  constitutes,  after  the  lungs  are  developed,  the  primitive 
bronchi,  at  the  extremities  of  which  are  the  brandies  of  the 


Formation  of  the  bronelii»l  nmlfleittont  and  of  lie  pohnoMr?  «*■.— A.  B,  development 
of  the  lunga.  after  Rjubkc :  C.  D,  btalolofrlcal  development  of  the  lunga,  after  i  Bailor. 
(Lohset,  Truili  dt  pUgtfologit,  Purls,  1M9,  tome  til,  p.  Mi.) 

bronchial  tree.  As  the  bronchi  branch  and  subdivide,  they 
extend  downward  into  what  becomes  eventually  the  cavity  of 
the  thorax.  The  pulmonary  vesicles,  according  to  Burdach, 
are  developed  before  the  trachea.  The  lungs  contain  no 
air  at  any  period  of  intra  -  uterine  life,  and  receive  but 
a  small  quantity  of  blood ;  but,  at  birth,  they  become  dis- 
tended with  air,  are  increased  thereby  in  volume,  and  receive 
all  the  blood"  from  the  right  ventricle.  This  process  of  devel- 
opment is  illustrated  in  Fig.  45.  According  to  Burdach,  the 
1  Sec  vol.  iil,  Excretion,  p.  267*  tt  >tq. 
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lungs  appear,  in  the  human  embryon,  during  the  sixth  week. 
The  two  portions  into  which  the  original  bud  is  bifurcated 
constitute  the  true  pulmonary  structure,  and  the  formation 
of  the  trachea  and  bronchial  tubes  occurs  afterward  and  is 
secondary.*  We  have  indicated  the  pulmonary  structure  as 
branching  processes  from  the  bronchial  tubes,  merely  for  con- 
venience of  description. 

Development  of  the  Face. 

The  development  of  the  face  in  the  embryon  of  mammals 
is  somewhat  complex,  but  it  is  peculiarly  interesting,  as  its 
study  enables  us  to  comprehend  the  manner  in  which  various 
very  common  malformations  of  the  face  and  palate  are  pro- 
duced. The  anterior  portion  of  the  embryon,  as  we  have 
seen  in  studying  the  development  of  the  trunk,  remains  open 
in  front  long  after  the  medullary  plates  have  met  at  the 
back  and  enclosed  the  neural  canal.  The  common  cavity  of 
the  thorax  and  abdomen  is  closed  by  the  growth  of  the  vis- 
ceral plates,  which  meet  in  front.  These  are  projecting 
plates  of  the  intermediate  blastodermic  layer,  which  gradu- 
ally extend  forward  from  the  vertebral  column.  At  the  same 
time  that  the  visceral  plates  are  thus  closing  over  the  thorax 
and  abdomen,  four  distinct,  tongue-like  projections  appear,  one 
above  the  other,  by  the  sides  of  the  neck.  These  are  called 
the  visceral  arches,  and  the  slits  between  them  are  called  the 
visceral  clefts."  The  first  three  arches,  enumerating  from 
above  downward,  correspond,  in  their  origin,  to  the  three 
primitive  cerebral  vesicles.  The  fourth  arch,  which  is  not 
enumerated  by  some  authors,  who  recognize  but  three  arches, 
corresponds  to  the  superior  cervical  vertebrae.  Of  these  four 
arches,  the  first  is  the  most  important,  as  its  development,  in 
connection  with  that  of  the  frontal  process,  forms  the  face 
and  the  malleus  and  incus  of  the  middle  ear ;  the  second  arch 

1  Burdach,  TraiU  de  physiologic,  Paris,  1888,  tome  iii.,  pp.  484,  486. 
*  These  arches  correspond  to  the  branchial  vascular  arches,  which  will  be 
tolly  described  in  connection  with  the  development  of  the  circulatory  system. 
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forms  the  lesser  cornna  of  the  hyoid  bone,  the  stapes,  and  the 
styloid  ligament;  the  third  arch  forms  the  body  and  the 
greater  cornna  of  the  hyoid ;  and  the  fourth  arch  forms  the 
larynx.  The  first  cleft,  situated  between  the  first  and  the 
second  arch,  becomes  obliterated  in  front  by  a  deposition  of 
plastic  matter,  but  an  opening  remains  by  the  side,  which 
forms,  externally,  the  external  auditory  meatus,  and  inter- 
nally, the  tympanic  cavity  and  the  Eustachian  tube.  The 
other  clefts  become  obliterated  as  the  arches  advance  in  their 
development. 

From  the  above  sketch,  it  is  seen  that  the  face  and  the 
neck  are  formed  by  the  advance  and  closure  in  front  of  pro- 
jections from  behind,  in  the  same  way  as  the  cavities  of  the 
thorax  and  abdomen  are  closed ;  but  the  closure  of  the  first 
visceral  arch  is  complicated  by  the  projection,  from  above 
downward,  of  the  frontal,  or  intermaxillary  process,  and  by 
the  formation  of  several  secondaty  projections,  which  leave 
certain  permanent  openings,  forming  the  mouth,  nose,  etc. 
These  processes  of  development,  we  shall  now  attempt  to 
follow. 

In  the  very  first  stages  of  development  of  the  head,  there 
is  no  appearance  of  the  face.  The  cephalic  extremity  consists 
simply  of  the  cerebral  vesicles,  the  surface  of  this  enlarged 
portion  of  the  embryon  being  covered,  in  front,  as  well  as 
behind,  by  the  external  blastodermic  membrane.  During 
the  sixth  week,  after  the  cavity  of  the  pharynx  has  appeared, 
the  membrane  gives  way  in  front,  forming  a  large  opening, 
which  may  be  called  the  first  opening  of  the  mouth.  At  this 
time,  however,  the  face  is  entirely  open  in  front  as  far  back 
as  the  ears.  The  first,  or  the  superior  visceral  arch,  now  ap- 
pears as  a  projection  of  the  middle  blastodermic  layer,  ex- 
tending forward.  This  is  soon  marked  by  two  secondary 
projections,  the  upper  projection  forming  the  superior  maxil- 
lary portion  of  the  face,  and  the  lower,  the  inferior  maxilla. 
The  two  projections  which  form  the  lower  jaw  soon  meet 
in  the  median  line,  and  their  superior  margin  is  the  lower 
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lip.  At  the  same  time,  there  is  a  projection  from  above,  ex- 
tending between  the  two  superior  projections,  which  is  called 
the  frontal,  or  intermaxillary  process.  This  extends  from 
the  forehead,  that  portion  which  covers  the  front  of  the  cere- 
brum, downward.  The  superior  maxillary  projections  then 
advance  forward,  gradually  passing  to  meet  the  frontal  pro- 
cess, but  leaving  two  small  openings  on  either  side  of  the 
median  line,  which  are  the  openings  of  the  nostrils.  The 
upper  portion  of  the  frontal  process  thus  forms  the  nose ;  but 
below,  is  the  lower  end  of  this  process,  which  is  at  first  split 
in  the  median  line,  projects  below  the  nose,  and  forms  the 
incisor  process,  at  the  lower  border  of  which  are  finally  devel- 
oped the  incisor  teeth.  As  the  superior  maxillary  processes 
advance  forward,  the  eyes  are  moved,  as  it  were,  from  the 
sides  of  the  head  and  present  anteriorly,  until  finally  their 
axes  become  parallel.  These  processes  advance  from  the  two 
sides,  come  to  the  sides  of  the  incisor  process  beneath  the 
nose,  unite  with  the  incisor  process  on  either  aide,  and  their 
lower  margin,  with  the  lower  margin  of  the  incisor  process, 
forms  the  upper  lip;  but,  before  this,  the  two  lateral  halves 
of  the  incisor  process  have  united  in  the  median  line.  At 
the  bottom  of  the  cavity  of  the  mouth,  a  small  papilla  makes 
its  appearance,  which  gradually  elongates  and  forms  the 
tongue. 

While  this  process  of  development  of  the  anterior  por- 
tion of  the  first  visceral  arch  is  going  on,  at  its  posterior  por- 
tion, we  have  developing,  the  malleus  and  incus,  the  former 
being  at  first  connected  with  the  cartilage  of  Meckel,  which 
extends  along  the  inner  surface  of  the  inferior  maxilla,  the 
two  cartilages  meeting  at  the  chin.  The  cleft  between  the 
first  and  the  second  visceral  arch  has  closed,  except  at  its  pos- 
terior portion,  where  an  opening  is  left  for  the  external  audi- 
tory meatus,  the  cavity  of  the  tympanum,  and  the  Eustachian 
tube. 

At  the  same  time,  the  second  visceral  arch  advances,  and 
forms  the  stapes,  the  styloid  ligament,  and  the  lesser  cornua 
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of  the  hyoid  bone.  The  third  arch  advances  in  the  same 
way ;  and  the  arches  from  the  two  sides  meet,  become  united 
in  the  median  line,  and  form  the  body  and  the  greater  cor- 
nna  of  the  hyoid.  The  clefts  between  the  second  and  third 
and  between  the  third  and  fourth  arches  become  obliterated 
by  the  deposition  of  plastic  matter. 

The  fourth  arch  forms  the  sides  of  the  neck  and  the  lar- 
ynx, the  arytenoid  cartilages  being  developed  first  In  front 
of  the  larynx  and  jnst 
behind  the  tongue,  is  a 
little  elevation,  which 
is  developed  into  the 
epiglottis. 

According  to  Bur- 
dach,  who  has  noted 
with  great  accuracy  the 
time  of  development 
of  different  parts  of  the 
embryon,  the  openings 
of  the  nostrils  appear 
in  the  second  half  of 
the  second  month ;  a 
little  elevation,  the  nose, 
appears  between  these 
openings,  and  the  nasal 
cavity  begins  to  be  sepa- 
rated from  the  mouth. 
The  lips  are  distinct 
■a  u.«,trii;  4  i.  iiifcrt.jr  m^iibry  rrgwa,  d-     during  the  third  month, 

.aedv  united  Id  the  medlu  line;  £  5.  enparior  ,  ,«_      , a . 

mulllirr   pnnim   which   hive  become   quite  and  the  tongue  first  ap- 

promlnent  und  here  detoended  to  (he  leiel  of  the  .       ,i  t 

■lope  of  the  fronul  prooeu ;  S,  mouth :  T,  totita-  pe8rB    in    the    COUrse    01 

cenl  erch ;  8,  Hcood  ilecend  erch ;  V.  third  vis-  . ,  , ,  ,    ■ 

cenlirch;  lO.eye;  ll.eer.  (BimT, TratU (Tana-  the  Seventh  Week. 

h*  K*  ife  •*.  *  p.  m  The  gbove  8keteh  of 

the  mode  of  development  of  the  face  enables  us  to  under- 
stand the  origin  of  certain  of  the  more  common  malfonna- 
1  Bvhdach,  TraUt  de  phi/tiologie,  Paris,  1838,  tome  iii.,  pp.  498,  498. 
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tions  of  this  part.  When,  by  an  arrest  of  development,  the 
superior  maxilla  on  one  aide  fails  to  unite  with  the  aide  of 
the  incisor  process,  we  have  the  very  common  deformity 
known  as  single  hare-lip.  If  this  onion  fail  on  both  sides, 
we  have  double  hare-lip,  when  die  incisor  process  is  usually 
more  or  less  projecting.  As  a  very  rare  deformity,  it  is 
sometimes  observed  that  the  two  sides  of  the  incisor  process 


Pig.  <7.— Mouth  of  a  unman  embryon  of  thirty-five  diva. — 1,  frontal  proeeaa  widely  nlopod  it 
Its  inferior  portion;  S.  2,  Indtor  procetaea  prodnoed  by  this  eloping;  S, 8. SMtrib ;  *,  lower 
Hp  tod  mullii.  formed  by  the  union  of  the  inferior  maxillary  proceaaet ;  ft,  6,  superior  marll- 
Inry  proceiaea.  contiguous  to  the  indior  proceee ;  6,  mouth.  Mill  confounded  with  the  null 
foeeai :  T.  appearance  of  the  closure  of  the  ual  foaaa> :  8.  s,  appearance  of  the  two  halves 
of  the  palatine  arch :  »,  tongue  ;  10, 10.  eyee;  11,  li,  li,  yUwral  arches.  (Sum,  TraUi 
d-ani&nU.  Perlt,  161*.  tome  It.,  p.  IS.) 

Pig.  iS.— Month  of  m  embryon.  of  forty  daya*— 1,  first  appearance  of  the  noee ;  8. 1,  Brat  appear- 
ance ofthealnof  tbarMaa:  8,  appaaranee  of  the  cloauro  beneath  the  note;  ».  middle,  or  me- 
dian portion  of  the  upper  Up.  formed  by  the  approach  and  union  of  the  two  Incleoc  prooeeeea, 
>  little  notch  In  the  medianTlne  ItUl  Indicating  the  primitive  eeparsUon  of  the  twojroceeaes; 
6.  0,  auperior  maiilhuy  procetaea.  forming  the  lateral  portiona  of  the  upper  Up;  &,  8,  groove 
for  the  developmen  t  of  the  lachrymal  me  and  the  naanlcanal ;  T.  lower  lip ;  8,  mouth:  (,  II,  the 
two  lateral  halve!  of  the  [palatine  arch,  already  Hearty  approilmatrd  to  each  other  in  trcni.  bat 
atlU  widely  tepanted  behind.    (samr,  Trod.  cfoiwiWe,  Farle,  18T4,  tome  It,  p.  18.1 » 

1  The  perioda  of  development  indicated  for  these  diagrams   are  somewhat 
earlier  than  those  which  we  have  quoted  from  Bnrdach ;  but  it  is  impoesible  to 
fix  these  with  absolute  accuracy,  and  all  the  estimates  given  by  authors  are  under- 
stood to  be  merely  approximative. 
157 
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have  failed  to  unite  with  each  other,  leaving  a  fissure  in  the 
median  line. 

It  is  somewhat  difficult  to  comprehend  the  exact  mode  of 
development  of  the  face  by  verbal  description  alone;  but  it 
will  be  readily  understood,  after  the  account  we  have  just 
given,  by  studying  Figs.  46,  47,  and  48,  copied  from  the 
great  atlas  of  Coste. 

The  palatine  arch  is  developed  by  two  processes,  which 
arise  on  either  side  from  the  incisor  process,  pass  backward 
and  upward,  and  finally  meet  and  unite  in  the  median  line. 
The  union  of  these  forms  the  plane  of  separation  between 
the  mouth  and  the  nares ;  and  want  of  fusion  of  these  pro- 
cesses, from  arrest  of  development,  produces  the  malforma- 
tion known  as  cleft  palate,  in  which  the  fissure  is  always  in 
the  median  line.  At  the  same  time,  a  vertical  process  forms 
in  the  median  line,  between  the  palatine  arch  and  the  roof 
of  the  nasal  cavity,  which  separates  the  two  nares. 

Development  of  the  Teeth. — Recent  embryological  re- 
searches, particularly  those  of  Legros  and  Magitot,  have 
shown  that  the  old  idea  of  the  development  of  the  dental 
papillae  in  the  bottom  of  a  gutter  formed  at  the  border  of 
either  jaw  is  erroneous.  According  to  these  observers,  whose 
descriptions  seem  to  be  exact  and  reliable,  the  first  appear- 
ance of  the  organs  for  the  development  of  the  teeth  is 
marked  by  the  formation  of  a  cellular  projection  extending 
the  entire  length  of  the  rounded  border  of  each  jaw,  which 
forms  a  rounded  band  above,  and  dips  down  somewhat 
into  the  subjacent  structure.  This  band  is  readily  separ- 
ated by  maceration,  and  the  removal  of  the'  portion  that 
dips  into  the  maxilla  leaves  a  groove,  which  is  thought  by 
Legros  and  Magitot  to  be  the  explanation  of  the  description 
of  a  groove  by  the  earlier  writers.1  This  band  extends  the 
entire  length  of  the  jaws  without  interruption.  Its  supe- 
rior surface  is  rounded,  and  that  portion  which  dips  into 

1  Legros  et  Magitot,  Contribution*  &  VSlude  du  dSvdoppement  det  dent*. — 
Journal  de  Tanatomie,  Paris,  1873,  tome  ix.,  p.  450. 
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the  subjacent  mucous  structure  is  wedge-shaped,  so  that  its 
section  has  the  form  of  a  V. 

As  soon  as  this  primitive  band  is  formed,  which  occurs  at 
the  sixth  or  seventh  week,  a  flat  band  projects  from  its  inter- 
nal surface,  near  the  mucous  structure,  which  Legros  and 
Magitot  call  the  epithelial  band.  This  also  extends  over  the 
entire  length  of  the  jaws.  It  is  thin,  flattened,  with  its  free 
edge  curved  inward  and  toward  the  jaw,  and  is  composed,  at 
first,  of  a  central  layer  of  polygonal  cells,  covered  by  a  layer 
of  columnar  epithelium. 

At  certain  points,  these  points  corresponding  to  the  situa- 
tions of  the  true  dental  bulbs,  there  appear  rounded  enlarge- 
ments at  the  free  margin  of  the  epithelial  band  just  de- 
scribed. Each  one  of  these  is  developed  into  one  of  the 
structures  of  the  perfect  tooth.  The  mechanism  of  the  for- 
mation of  this,  which  is  called  the  enamel-organ,  and  of  the 
dental  bulb  is  as  follows : 

A  rounded  enlargement  appears  at  the  margin  of  the  epi- 
thelial band.  This  soon  becomes  directed  downward  (adapting 
our  description  to  the  lower  jaw)  and  dips  into  the  mucous 
structure,  being  at  first  connected  with  the  epithelial  band  by 
a  narrow  pedicle,  which  soon  disappears,  leaving  the  enlarge- 
ment enclosed  completely  in  a  follicle.  This  is  the  dental 
follicle,  and  has  no  connection  with  the  wedge-shaped  band 
which  we  described  first.  While  this  process  is  going  on,  a 
conical  bulb  appears  at  the  bottom  of  the  follicle.  The  enam- 
el-organ, formed  from  the  epithelial  band,  becomes  excavated 
or  cup-shaped  at  its  under  surface,  and  fits  over  the  dental 
bulb,  becoming  united  to  it. 

The  tooth,  at  this  time,  consists  of  the  dental  bulb,  with 
the  enamel-organ  closely  fitted  to  its  projecting  surface.  The 
enamel-organ  is  developed  into  the  enamel ;  the  dental  bulb, 
which  is  provided  with  vessels  and  nerves,  becomes  the 
tooth-pulp ;  and,  upon  the  surface  of  the  dental  bulb,  the 
dentine,  or  ivory,  is  developed  in  successive  layers.  The 
cement  is  developed  by  successive  layers  upon  that  portion  of 
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the  dentine  which  forms  the  root  of  the  tooth.  As  these 
processes  go  on,  the  tooth  projects  more  and  more,  the  upper 
part  of  the  wall  of  the  follicle  gives  way,  and  the  tooth 
finally  appears  at  the  Burf ace. 

The  permanent  teeth  are  developed  beneath  the  follicles 
of  the  temporary,  or  milk-teeth.  The  first  appearance  is  a 
prolongation  or  diverticulum  from  the  enamelK>rgan  of  the 
temporary  tooth,  which  dips  more  deeply  into  the  mucous 
structure.  This  becomes  the  enamel-organ  of  the  permanent 
tooth ;  and  the  successive  stages  of  development  of  the  dental 
follicles  and  the  dental  pulp  progress  in  the  same  way  as  in 
the  temporary  teeth.  As  the  permanent  teeth  increase  in 
size,  they  gradually  encroach  upon  the  roots  of  the  temporary 
teeth*  The  roots  of  the  latter  are  absorbed,  the  permanent 
teeth  advance  more  and  more  toward  the  surface,  and  the 
crown  of  each  temporary  tooth  is  finally  pushed  out.  The 
number  of  the  temporary  teeth  is  twenty,  while  there  are 
thirty-two  permanent  teeth.  Thus  there  are  three  perma- 
nent teeth  on  either  side  of  both  jaws,  which  are  developed 
de  novo,  and  are  not  preceded  by  temporary  structures.1 

The  first  dental  follicles  usually  appear  in  regular  succes- 
sion. The  follicles  for  the  internal  incisors  of  the  lower  jaw 
appear  first,  this  occurring  at  about  the  ninth  week.  All  of 
the  follicles  for  the  temporary  teeth  are  completely  formed 
at  about  the  eleventh  or  the  twelfth  week. 

The  temporary  teeth  appear  successively,  the  correspond- 
ing teeth  appearing  a  little  earlier  in  the  lower  jaw.  The 
usual  order,  subject  to  certain  exceptional  variations,  is  as 
follows : 

The  four  central  incisors  appear  from  six  to  eight  months  after  birth. 
The  four  lateral  incisors  appear  from  seven  to  twelve  months  after  birth. 
The  four  anterior  molars  appear  from  twelve  to  eighteen  months  after  birth. 
The  four  canines  appear  from  sixteen  to  twenty-four  months  after  birth. 
The  four  posterior  molars  appear  from  twenty-four  to  thirty-six  months  after 
birth. 

1  For  an  account  of  the  structure  of  the  teeth,  see  vol.  ii.,  Alimentation,  p. 
189,  et  §eq. 
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The  order  of  eruption  of  the  permanent  teeth  is  as  fol- 
lows : x 

The  two  central  incisors  of  the  lower  jaw  appear  from  the  sixth  to  the  eighth 
year. 

The  two  central  incisors  of  the  upper  jaw  appear  from  the  seventh  to  the 
eighth  year. 

The  four  lateral  incisors  appear  from  the  eighth  to  the  ninth  year. 

The  four  first  bicuspids  appear  from  the  ninth  to  the  tenth  year. 

The  four  canines  appear  from  the  tenth  to  the  eleventh  year. 

The  four  second  bicuspids  appear  from  the  twelfth  to  the  thirteenth  year. 

The  above  are  the  permanent  teeth  which  replace  the  tem- 
porary teeth.  The  permanent  teeth  which  are  developed  ds 
novo  appear  as  follows : 

The  first  molars  appear  from  the  sixth  to  the  seventh  year. 

The  second  molars  appear  from  the  twelfth  to  the  thirteenth  year. 

The  third  molars  appear  from  the  seventeenth  to  the  twenty-first  year. 

1  Saffxt,  Traiii  <?anatom\ey  Paris,  1874,  tome  iv.,  pp.  113, 116, 119. 
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DEVELOPMENT  OF  THE  GENTFO-T7BINABY  AND    07   THE   GTBOULA- 

TOBY  SYSTEM. 

Development  of  the  Wolffian  bodies — Ducts  of  the  Wolffian  bodies  and  ducts  of 
Muller — Development  of  the  Wolffian  ducts  into  the  vasa  deferentia,  and 
of  the  ducts  of  Muller  into  the  Fallopian  tubes — Development  of  the  testi- 
cles and  ovaries — Development  of  the  urinary  apparatus — External  organs 
of  generation — Malformations  of  the  external  generative  organs — Her- 
maphroditism— Development  of  the  circulatory  system — First,  or  vitelline 
circulation — Second,  or  placental  circulation — Branchial  arches  and  devel- 
opment of  the  arterial  and  the  venous  system — Development  of  the  heart — 
Description  of  the  fatal  circulation — Third,  or  adult  circulation. 

The  genital  and  the  urinary  organs  are  developed  to- 
gether, and  are  both  preceded  by  the  appearance  of  two  large, 
symmetrical  structures,  known  as  the  Wolffian  bodies,  or  the 
bodies  of  Oken.  These  are  sometimes  called  the  false  or  the 
primordial  kidneys.  They  appear  at  about  the  thirtieth  day, 
develop  very  rapidly  on  either  side  of  the  spinal  column, 
and  are  so  large  as  to  almost  fill  the  cavity  of  the  abdomen. 
Fig.  49,  representing  a  specimen  in  the  possession  of  Prof. 
Dalton,  shows  how  large  these  bodies  are  in  the  early  life  of 
the  embryon,  at  which  time  their  function  is  undoubtedly 
very  important 

Very  soon  after  the  "Wolffian  bodies  have  made  their  ap- 
pearance, we  can  distinguish,  at  their  inner  borders,  two  ovoid  ' 
bodies,  which  are  finally  developed  into  the  testicles,  for  the 
male,  or  the  ovaries,  for  the  female.  At  their  external  bor- 
ders, are  two  ducts,  on  either  side,  one  of  which,  the  internal, 
is  called  the  duct  of  the  Wolffian  body.  This  finally  disap- 
pears, in  the  female,  but  is  developed  into  the  vas  deferens, 
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in  the  male.  The  other  duct,  which  is  external  to  the  duct 
of  the  Wolffian  body,  disappears,  in  the  male,  but  becomes 
the  Fallopian  tube,  in  the  female.'  This  is  known  as  the 
duct  of  Muller.  Behind  the  Wolffian  bodies,  are  developed 
the  kidneys  and  the  suprarenal  capsules. 

Ab  the  development  of  the  Wolffian  bodies  attains  its 
maximum,  their  structure  becomes  somewhat  complex.   From 
their  proper  ducts,  which  are  applied 
directly  to  their  outer  borders,  tubes  Fl°  " 

make  their  appearance  at  right  angles 
to  the  ducts,  which  extend  into  the 
substance  of  the  bodies  and  become 
somewhat  convoluted  at  their  extremi- 
ties. These  tubes  communicate  di- 
rectly with  the  ducts,  and  the  ducts 
themselves  open  into  the  lower  part 
of  the  intestinal  canal,  opposite  to  the    ro*aiptg,  *  or  winch  long  ;m 

.  ;     "■  lb*  po«e»l«n  of  Prof.  Dal. 

pOint  01   its   Communication  With   the  ton.— I.  &«rt ;  *.  interior  ei- 

allantois.     The  tubes  of  the  Wolffian        «&/  3fVofito^d?UTi. 

....  »bdoniln»l  wiills  Ban  been  cm 

bodies  are  simple,  terminating  in  sin-        5W-,a.  »rdertoiho»ttn> ™- 

r     j  d  ,nion  ^  u,P  TVolfBiiq  bodies. 

trie,  somewhat  dilated,  blind  extremi-       £i£ESi  flSW-Jl*,feifc 

9     '  '  ffg,  Phuadelphk,  18T1,  p.  STU) 

hes,  are  lined  with  epithelium,  and 

are  penetrated,  at  their  extremities,  by  blood-vessels,  which 

1  Einlk,  Handbuch  der  tytttmatitehen  AnatomU  da  Mtmchen,  Braunschweig, 
1S8S,  Bd.  ii.,  a  342,  843;  Buccal,  Vorlawtgm  vber  Phyiokgie,  Wien,  1873, 
Bd.  Ii.,  a  289. 

The  old  idea  m  that  the  ducts  of  Muller  become  the  vow  deferent!*,  and 
tbit  the  duct  of  the  Wolffian  bodies  disappears,  both  in  the  male  and  in  the  fe- 
male ;  but  later  researches  show  that  the  testicles  become  united  to  the  Wolffian 
bodies,  the  remains  of  these  bodies  forming  the  head  of  the  epididymis,  and 
that  the  Wolffian  ducts  become  the  vaaa  deferentia.  In  the  Journal  of  Anatomy 
and  Phyiologi/,  Cambridge  and  London,  1868,  vol.  ii.,  p.  401,  ia  an  account  of  a 
case  of  true  lateral  hermaphroditism,  observed  b;  Dr.  Rawdon,  in  which,  in  the 
left  broad  ligament,  there  was  a  Fallopian  tube,  but  no  ovary ;  while,  in  the 
right  broad  ligament,  were  found,  an  orary  with  its  Fallopian  tube,  and  a  testi- 
cle with  an  epididymis  and  a  vas  deferens.  If  this  description  be  correct,  it  is 
a  strong  argument  in  favor  of  the  view  that  the  Fallopian  tubes  and  the  Tasa 
deferentia  are  developed  from  distinct  structures ;  the  Fallopian  tubes,  from  the 
ducts  of  Muller,  and  the  vasa  deferentia,  from  the  ducts  of  the  Wolffian  bodies. 


422  GENERATION, 

form  coils  or  convolutions  in  their  interior.1  These  are  un- 
doubtedly organs  of  depuration  for  the  embryon,  and  take 
on  the  function  to  be  subsequently  assumed  by  the  kidneys ; 
but,  in  the  female,  they  are  temporary  structures,  disappearing 
as  development  advances,  and  having  nothing  to  do  with  the 
development  of  the  true  urinary  organs. 

The  testicles  or  ovaries  are  developed  at  the  internal  and 
anterior  surface  of  the  Wolffian  bodies,  first  appearing  in 
the  form  of  small,  ovoid  masses.  Beginning  just  above  and 
passing  along  the  external  borders  of  the  Wolffian  bodies, 
are  the  tubes  called  the  ducts  of  Muller.  These  at  first  open 
into  the  intestine,  near  the  point  of  entrance  of  the  Wolffian 
ducts.  In  the  female,  their  upper  extremities  remain  free, 
except  the  single  fimbria  which  is  connected  with  the  ovary. 
Their  inferior  extremities  unite  with  each  other,  and,  at 
their  point  of  union,  form  the  uterus.  When  this  union  is 
incomplete,  we  have  the  malformation  known  as  double 
uterus,  which  may  be  associated  with  a  double  vagina.  We 
have  referred  to  a  case  of  this  kind  in  a  previous  chapter.9 
The  Wolffian  bodies  and  their  ducts  disappear,  in  the  female, 
according  to  Longet,  at  about  the  fiftieth  day.  A  portion  of 
their  structure,  however,  persists,  in  the  form  of  a  collection 
of  closed  tubes,  constituting  the  parovarium,  or  organ  of  Ko- 
senmiiller.* 

In  the  female,  the  ovaries  pass  down  no  farther  than  the 
pelvic  cavity ;  but  the  testicles,  which  are  at  first  in  the  ab- 
domen of  the  male,  finally  descend  into  the  scrotum.  As 
the  testicles  descend,  they  carry  with  them  the  Wolffian  duct, 
that  portion  of  the  Wolffian  body  which  is  permanent  con- 
stituting the  head  of  the  epididymis.  At  the  same  time,  a 
cord  appears,  attached  to  the  lower  extremity  of  the  testicle 
and  extending  to  the  symphysis  pubis.  This  is  called  the 
gubernaculum  testis.  It  is  at  first  muscular,  but  the  muscu- 
lar fibres  disappear  during  the  later  periods  of  utero-gesta- 

1  D alton,  Human  Pkynology,  Philadelphia,  1871,  p.  676. 
'  See  page  347)  note.  *  See  page  278. 
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tion.  It  is  not  known  that  its  muscular  structure  takes  any 
part,  by  contractile  action,  in  the  descent  of  the  testicle  in 
the  human  subject.  The  epididymis  and  the  vas  deferens 
are  formed  from  the  Wolffian  body  and  the  Wolffian  duct.1 

At  about  the  end  of  the  seventh  month,  the  testicle  has 
reached  the  internal  abdominal  ring ;  *  and,  at  this  time,  a 
double  tubular  process  of  peritoneum,  covered  with  a  few 
fibres  from  the  lower  portion  of  the  internal  oblique  muscle 
of  the  abdomen,  gradually  extends  into  the  scrotum.  The 
testicle  descends,  following  this  process  of  peritoneum,  which 
latter  becomes  eventually  the  visceral  and  parietal  portion  of 
the  tunica  vaginalis.  The  canal  of  communication  between 
the  abdominal  cavity  and  the  cavity  of  the  scrotum  is  finally 
closed,  and  the  tunica  vaginalis  is  separated  from  the  peri- 
toneum. The  fibres  derived  from  the  internal  oblique  con- 
stitute the  cremaster  muscle. 

At  the  eighth  or  the  ninth  month,  the  testicles  have 
reached  the  external  abdominal  ring,  and  then  soon  descend 
into  the  scrotum.*  The  vas  deferens,  as  we  have  seen,  passes 
from  the  testicle,  along  the  base  of  the  bladder,  to  open  into 
the  prostatic  portion  of  the  urethra;  and,  as  development 
advances,  two  sacculated  diverticula  from  these  tubes  make 
their  appearance,  which  are  attached  to  the  bladder  and  con- 
stitute the  vesical®  seminales. 

As  the  ovaries  descend  to  their  permanent  situation  in  the 
pelvic  cavity,  there  appears,  attached  to  the  inner  extremity 
of  each,  a  rounded  cord,  analogous  to  the  gubernaculum 
testis.  A  portion  of  this,  connecting  the  ovary  with  the 
uterus,  constitutes  the  ligament  of  the  ovary;  and  the  in- 

1  According  to  Henle,  Briicke,  and  others,  the  ducts  of  the  Wolffian  bodies 
become  the  rasa  deferentia,  and  the  ducts  of  Miiller,  in  the  male,  are  temporary 
structures.  This  destroys  the  complete  analogy  which  has  been  assumed  to 
exist  between  the  vasa  deferentia  and  the  Fallopian  tubes.  (Hinu,  Handbuch 
der  tystematuchen  Anatomie  dea  Menschen,  Braunschweig,  1866,  Bd/  il,  S.  342, 
848 ;  BRticxi,  Vorlesungen  Uber  Phytiologie,  Wien,  1878,  Bd.  ii.,  S.  289.) 

*  Burdach,  TraiU  de  physiologie,  Paris,  1838,  tome  iii.,  p.  590. 

•Ibid. 
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f erior  portion  forms  the  round  ligament  of  the  uterus,  which 
passes  through  the  inguinal  canal  and  is  attached  to  the 
symphysis  pubis. 

The  development  of  the  external  organs  of  generation 
will  be  studied  after  we  have  described  the  development  of 
the  urinary  apparatus. 

Development  of  the  Urinary  Apparatus. — Behind  the 
Wolffian  bodies,  and  developed  entirely  independently  of 
them,  the  kidneys,  suprarenal  capsules,  and  ureters  make 
their  appearance.  The  kidneys  are  developed  in  the  form 
of  little,  rounded  bodies,  composed  of  short,  blind  tubes,  all 
converging  toward  a  single  point,  which  is  the  hilum.  These 
tubes  increase  in  length,  branch,  become  convoluted  in  a  cer- 
tain portion  of  their  extent,  and  finally  assume  the  structure 
and  arrangement  of  the  renal  tubules,  with  their  Malpighian 
bodies,  blood-vessels,  etc.  They  all  open  into  the  hilum. 
At  the  same  time  that  the  kidneys  are  undergoing  develop- 
ment, the  suprarenal  capsules  are  formed  at  their  superior 
extremities.  These  bodies,  the  function  of  which  is  un- 
known, are  relatively  so  much  larger  in  the  foetus  than  in 
the  adult,  that  they  have  been  supposed  to  be  peculiarly  im- 
portant in  intrauterine  life,  though  nothing  definite  is  known 
upon  this  point.  The  kidneys  are  relatively  very  large  in  the 
foetus.  According  to  Meckel,  their  proportion  to  the  weight  of 
..th$  iody,  in  the  foetus,  is  1  to  80,  and,  in  the  adult,  1  to  240.' 
The  ureters  are  undoubtedly  developed  as  tubular  processes 
from  the  kidneys,  which  finally  extend  to  open  into  the 
bladder.  This  fact  is  shown  by  certain  cases  of  malforma- 
tion, in  which  the  ureters  have  not  reached  the  bladder,  but 
terminate  in  blind  extremities.*  The  development  of  the 
genitourinary  system  can  be  readily  understood,  after  the 
description  we  have  just  given,  by  a  study  of  Fig.  50. 

1  Meckel,  Manual  of  General^  Descriptive,  and  Pathological  Anatomy,  Phila- 
delphia, 1882,  toL  iii.,  p.  882. 

*  Isidore  Geoftroy  Saint-Hilaire,  Hutoire  gknbraU  et  particuUhe  cb*  a<vo- 
maUet,  Bruxelles,  1887,  tome  i.,  p.  876. 
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Figure  50.  Diagrammatic  Representation  of  the  Genito- 
urinary System. — A,  embryonic  condition,  in  which  there  is 
no  distinction  of  sex ;  B,  female  form ;  C,  male  form.  The 
dotted  lines  in  B  and  C  represent  the  situations  which  the 
male  and  female  genital  organs  assume  after  the  descent  of 
the  ovaries  and  testicles.  The  small  letters  in  B  and  C  cor- 
respond to  the  capital  letters  in  A.1 

Fig.  50,  A. — A,  kidney ;  B,  ureter ;  C,  bladder ;  D,  ura- 
chus,  developed  into  the  median  ligament  of  the  bladder ;  E, 
constriction  which  becomes  the  urethra ;  F',  "Wolffian  body ; 
G,  Wolffiau  duct,  with  its  opening  below,  G' ;  H,  duct  of 
Muller,  united  below,  from  the  two  sides,  into  a  single  tube, 
J,  which  presents  a  single  opening,  J',  between  the  openings 
of  the  Wolffian  ducts ;  K,  ovary  or  testicle ;  L,  gubernacu 
lum  testis  or  round  ligament  of  the  uterus ;  M,  genito-urinary 
sinus ;  N,  O,  external  genitalia. 

Fig.  50,  B  (female).— a,  kidney ;  b,  ureter ;  c,  bladder ;  d, 
urachusje,  urethra;  f,  remains  of  the  Wolffian  body  (parov* 
rium) ;  g,  remnant  of  the  Wolffian  duct ;  h,  Fallopian  tube ;  i, 
uterus ;  i',  vagina ;  k,  ovary ;  1,  round  ligament  of  the  uterus ; 
m,  extremity  of  the  urethra ;  n,  clitoris ;  n',  corpus  caverno- 
sum  of  the  clitoris ;  n",  bulb  of  the  vestibule ;  o,  external 
genital  opening ;  p,  excretory  duct  of  the  gland  of  Bartho- 
linus. 

Fig.  50,  C  (male). — a,  kidney ;  b,  ureter ;  c,  bladder ;  d, 
urachus ;  e,  m,  urethra ;  f ,  epididymis ;  g,  vas  deferens ;  g', 
seminal  vesicle;  g",  ejaculatory  duct;  h,  i,  remains  of  the 
duct  of  Muller ;  k,  testicle ;  1,  gubernaculum  testis ;  n,  n', 
n',  urethra  and  penis ;  o,  scrotum ;  p,  gland  of  Cowper ;  q, 
prostate. 

External  Organs  of  Generation. — The  external  organs  of  . 
generation  begin  to  be  developed  at  about  the  fifth  week.    At 
the  inferior  extremity  of  the  body  of  the  embryon,  a  small, 

1  Hevli,  Handbuch  der  $yttematitehm  AnaiomU  dot  Menschen,  Braunschweig, 
1866,  Bd.  ii.,  S.  840. 
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ovoid  eminence  appears  in  the  median  line,  at  the  lower 
portion  of  which  there  is  a  longitudinal  slit,  which  forms 
the  common  opening  of  the  anus  and  the  genital  and  urinary 
passages.  This  is  the  cloaca.  There  is  soon  developed,  in- 
ternally, a  septum,  which  separates  the  rectum  from  the 
vagina,  the  urethra  of  the  female  opening  above.  In  the 
male,  this  septum  is  developed  between  the  rectum  and  the 
urethra,  the  generative  and  the  urinary  passages  opening  to- 
gether. From  this  median  prominence,  two  lateral,  rounded 
bodies  make  their  appearance.  These  are  developed,  with  the 
median  elevation,  into  the  glans  penis  and  corpora  cavernosa 
of  the  male,  or  the  clitoris  and  the  labia  minora  of  the  fe- 
male. In  the  male,  these  two  lateral  prominences  unite  in 
the  median  line  and  enclose  the  spongy  portion  of  the  ure- 
thra. "When  there  is  a  want  of  union  of  the  cavernous  bod- 
ies in  the  male,  we  have  the  malformation  known  as  hypo- 
spadias. In  the  female,  there  is  no  union  in  the  median  line, 
and  an  opening  remains  between  the  two  labia  minora.  The 
scrotum  in  the  male  is  analogous  to  the  labia  majora  of  the 
female ;  the  distinction  being  that  the  two  sides  of  the  scro- 
tum unite  in  the  median  line,  while  the  labia  majora  remain 
permanently  separated.  This  analogy  is  farther  illustrated 
by  the  anatomy  of  inguinal  hernia,  in  which  the  intestine 
descends  into  the  labia,  in  the  female,  and  into  the  scrotum, 
in  the  male.  It  sometimes  occurs,  also,  that  the  ovaries  de- 
scend, very  much  as  the  testicles  pass  down  in  the  male,  and 
pass  through  the  external  abdominal  ring. 

From  the  above  description,  it  is  easy  to  imagine  how 
malformation  and  malposition  of  the  genital  organs  may  oc- 
cur, so  that  it  is  difficult  to  determine  the  sex  of  the  individ- 
ual. "We  may  have,  in  a  male,  absence  of  beard  and  a  cer- 
tain degree  of  development  of  the  mammary  glands,  with  a 
pelvic  conformation  approximating,  more  or  less,  that  of  the 
female ;  and,  on  the  other  hand,  a  female  may  have  a  beard, 
slight  mammary  development,  and  a  general  conformation  of 
the  body  resembling  that  of  the  male.   This  may  be  associated 
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with  corresponding  malformations  of  the  genital  organs.  We 
may,  for  example,  have  a  large  development  of  the  clitoris, 
descent  of  the  ovaries,  more  or  less  complete  occlusion  of  the 
vagina,  and  union  of  the  labia  majora,  so  that  it  is  difficult 
to  determine  the  sex  from  an  external  examination ;  and  op- 
posite vices  of  formation  may  occur  in  the  male,  the  testicles 
remaining  in  the  pelvic  cavity.  It  is  not  surprising,  there- 
fore, that  beings  have  existed  of  undetermined  sex,  and  many 
cases  of  this  kind  are  on  record.  In  a  recent  article  by  Lau- 
gier,  under  the  head  of  "  hermophrodisme  hisexud"  two  cases 
are  quoted  in  which,  apparently,  the  two  sexes  were  combined. 
The  first  case  was  presented  to  the  Medical  Society  of  Vi- 
enna, by  Bokitansky,  in  1869.  This  case  presented,  on  post- 
mortem examination,  two  ovaries  with  their  Fallopian  tubes, 
a  rudimentary  uterus,  a  testicle,  and  a  vas  deferens  contain- 
ing spermatozoids.  This  individual  menstruated,  had  an  im- 
perfect penis  and  a  bifid  scrotum.  The  sexual  indifference 
was  absolute.  The  second  case  was  published  by  Heppner, 
in  1872.  This  was  a  child,  six  weeks  old,  which  had  been 
preserved  in  alcohol  for  several  years.  It  presented  ovaries, 
Fallopian  tubes,  a  uterus,  and  a  vagina  opening  into  the  ure- 
thra. There  were  also  two  bodies  which  were  shown,  on  mi- 
croscopical examination,  to  be  testicles,  a  penis  with  hypo- 
spadia, and  a  prostate ;  but  there  were  neither  vesicuke  semi- 
nales  nor  vasa  deferential 

Development  of  ike  Circulatory  System. 

The  blood  and  the  blood-vessels  are  developed  very  early 
in  the  life  of  the  ovum,  and  make  their  appearance  nearly  as 
soon  as  the  primitive  trace.    The  mode  of  development  of 

1  Lauoier,  Nouveau  dicttonnaire  de  mSdecine,  etc.,  Paris,  1878,  tome  xviL,  p. 
505,  Article,  Hermaphrodisme. 

Owing  to  errors  in  the  references  given  by  Laugier,  we  have  not  been  able 
to  consult  the  original  reports  of  the  two  cases  quoted  above.  It  is  unfor- 
tunate that  no  mention  is  made  of  Graafian  follicles,  in  the  case  quoted  from 
Rokitansky,  and  that  the  details  of  the  case  quoted  from  Heppner  are  so  incom- 
plete. 
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the  first  vessels  differs  from  that  of  vessels  formed  later, 
as  they  appear  de  novo  in  the  blastodermic  layers,  while 
afterward,  vessels  are  formed  as  prolongations  of  preexisting 
tubes.  Soon  after  the  external  and  the  internal  blastodermic 
membranes  have  become  separated  from  each  other,  and  the 
intermediate  membrane  has  been  formed  at  the  thickened 
portion  of  the  ovum  which  is  destined  to  be  developed  into 
the  embryon,  certain  of  the  blastodermic  cells  undergo  a  trans- 
formation into  blood-corpuscles.  These  are  larger  than  the 
blood-corpuscles  of  the  adult,  and  are  generally  nucleated.1 
At  about  the  same  time,  it  may  be  before  or  after  the  ap- 
pearance of  the  corpuscles,  for  this  point  is  undetermined, 
certain  of  the  blastodermic  cells  fuse  with  each  other  and 
arrange  themselves  so  as  to  form  vessels.  Leucocytes  are 
probably  developed  in  the  same  way  as  the  red  corpuscles. 
The  vessels  thus  formed  constitute  the  area  vasculosa,  which 
is  the  beginning  of  what  is  known  as  the  first  circulation. 

It  is  evident  that  the  relations  of  the  embryon.  at  differ- 
ent stages  of  development  must  require  certain  variations  in 
the  arrangement  of  the  circulatory  system.  The  ovum  has, 
of  course,  no  vascular  connection  with  the  mother  before  the 
formation  of  the  allantoifl ;  it  has  undergone,  however,  a  cer- 
tain degree  of  development,  and  presents  a  circulatory  sys- 
tem, which  extends  over  the  umbilical  vesicle.  This  stage 
of  development  of  the  vascular  system  constitutes  what  is 
known  as  the  first  circulation.  As  the  allantoifl  is  devel- 
oped, the  circulation  over  the  umbilical  vesicle  becomes  un- 
important, and  its  vessels  disappear.  Vessels  then  extend 
into  the  allantois,  are  finally  developed  into  the  foetal  por- 
tion of  the  placenta,  and  what  is  known  as  the  second  circu- 
lation is  established.  This  circulation  continues  throughout 
intrauterine  life,  and,  as  we  know,  the  embryon  and  foetus 
depend  entirely  upon  the  placenta  for  materials  for  respira- 
tion, nutrition,  and  growth.    At  birth,  the  requirements  are 

1  For  the  differences  between  the  blood-corpuscles  of  the.  embryon  and  the 
adult,  see  vol  i.,  Circulation,  p.  119. 


430  GENERATION. 

again  changed.  The  placental  circulation  is  then  abolished, 
and  the  arrangement  of  vessels  peculiar  to  it  disappears. 
Now,  for  the  first  time,  the  pulmonary  circulation  becomes 
important.  All  the  blood  passes  through  the  lungs  before 
it  is  sent  to  the  general  system,  the  two  sides  of  the  heart 
become  completely  separated  from  each  other,  and  the  third, 
the  pulmonary,  or  adult  circulation,  is  established. 

The  First,  or  Vitelline  Circulation. — In  the  develop- 
ment of  oviparous  animals,  the  first,  or  vitelline  circulation 
is  very  important ;  for,  by  these  vessels,  the  contents  of  the 
nutritive  yolk  are  taken  up  and  carried  to  the  embryon,  con- 
stituting the  only  source  of  material  for  its  nutrition  and 
growth.  In  mammals,  however,  nutritive  matter  is  absorbed 
almost  exclusively  from  the  mother,  by  simple  endosmosis 
before  the  placental  circulation  is  established,  and  by  the  pla- 
cental vessels,  at  a  later  period.  The  vitelline  circulation  is 
therefore  not  important,  and  the  vessels  disappear  with  the 
atrophy  of  the  umbilical  vesicle. 

The  area  vasculosa,  in  mammals,  consists  of  vessels  com- 
ing  from  the  body  of  the  embryon,  forming  a  nearly  circular 
plexus  in  the  substance  of  the  vitellus,  around  the  embryon. 
The  vessels  of  this  plexus  open  into  a  sinus  at  the  border 
of  the  area,  called  the  sinus  terminalis.  It  is  probable  that 
these  vessels  are  developed  de  novo  in  the  intermediate  blas- 
todermic layer,  and  are  not  preceded  by  a  distinct  mem- 
brane ;  but  such  a  membrane  has  been  described  under  the 
name  of  the  vascular  blastodermic  layer.1 

If  we  examine  the  ovum  when  the  area  vasculosa  is 
first  formed,  we  see  the  embryon  lying  in  the  direction  of 
the  diameter  of  the  nearly  circular  plexus  of  blood-vessels. 
The  plexus  surrounds  the  embryon,  except  at  the  cephalic 
extremity,  where  the  terminal  sinuses  of  the  two  sides  curve 
downward  toward  the  head,  to  empty  into  the  omphalo- 
mesenteric VQins.    As  the  umbilical  vesicle  is  separated  from 

1  Bubpach,  TraitS  de  phynologie,  Paris,  1838,  tome  iil,  p.  502,  et  $eq. 
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the  body  of  the  embryon,  it  carries  the  plexus  of  vessels  of 
the  area  vaseulosa  with  it,  the  vessels  of  communication  with 
the  embryon  being  the  omphalomesenteric  arteries  and  veins. 
As  these  processes  are  going  on,  the  great  central  vessel  of 
the  embryon  becomes  enlarged  and  twisted  upon  itself,  at  a 
point  just  below  the  cephalic  enlargement  of  the  embryon, 
between  the  inferior  extremity  of  the  pharynx  and  the  supe- 
rior culrdesac  of  the  intestinal  canal.  The  excavation  which 
receives  this  vessel  is  called  the  fovea  cardiaca.  The  differ- 
ent stages  of  development  of  the  heart,  which  is  formed  of 
the  twisted  portion  of  the  central  vessel,  will  be  described 
farther  on.  Simple,  undulatory  movements  take  place  in  the 
heart  of  the  chick  at  about  the  middle  of  the  second  day ; 
but  there  is  not,  at  that  time,  any  regular  circulation.  At 
the  end  of  the  second  day  or  the  beginning  of  the  third,  the 
currents  of  the  circulation  are  established.1  The  time  of  the 
first  appearance  of  the  circulation  in  the  human  embryon  has 
not  been  accurately  determined. 

In  the  arrangement  of  the  vessels  for  the  first  circulation 
of  the  embryon,  the  heart  is  situated  exactly  in  the  median 
line,  and  gives  off  two  arches  which  curve  to  either  side  and 
unite  into  a  single  central  trunk  at  the  spinal  column  below. 
These  are  the  two  aorte,  and  the  single  trunk  formed  by 
their  union  becomes  the  abdominal  aorta.  The  two  aortie 
arches,  one  of  which  only  is  permanent,  are  sometimes  called 
the  inferior  vertebral  arteries.  These  vessels  give  off  nu- 
merous branches,  which  pass  into  the  area  vaseulosa.  Two 
of  these  branches,  however,  are  larger  than  the  others,  pass 
to  the  umbilical  vesicle,  and  are  called  the  omphalomesen- 
teric arteries.  In  the  embryon  of  mammals,  there  are,  at 
first,  four  omphalomesenteric  veins,  two  superior,  which  are 
the  larger,  and  two  inferior ;  but,  as  development  advances, 
the  two  inferior  veins  are  closed,  and  we  then  have  two 
omphalo-  mesenteric  arteries  and  two  omphalomesenteric 
veins.    At  about  the  fortieth  day,  one  artery  and  one  vein 

1  Burdach,  Traiii  de  phynologie,  Paris,  1838,  tome  iii.,  pp.  510,  511. 
158 
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disappear,  and  we  have  then  but  one  omphalomesenteric  ar- 
tery and  one  vein.  Soon  after,  as  the  circulation  becomes 
established  in  the  allantois,  the  vessels  of  the  umbilical  vesi- 
cle and  the  omphalomesenteric  vessels  are  obliterated,  and 
the  first  circulation  is  superseded  by  the  second. 

As  the  septum  between  the  two  ventricles  makes  its  ap- 
pearance, that  division  of  the  right  aortic  arch  which  consti- 
tutes the  vascular  portion  of  one  of  the  branchial  arches  dis- 
appears and  loses  its  connection  with  the  abdominal  aorta ;  a 
branch,  however,  persists  during  the  whole  of  intra-uterine 
life,  and  constitutes  the  ductus  arteriosus ;  and  another  branch 
is  permanent,  forming  the  pulmonary  artery* 

The  Second,  or  Placental  Circulation. — As  the  omphalo- 
mesenteric vessels  disappear,  and  as  the  allantois  is  developed 
to  form  the  chorion,  two  vessels,  the  hypogastric  arteries,  are 
given  off,  first  from  the  abdominal  aorta ;  but  afterward,  as 
the  vessels  going  to  the  lower  extremities  are  developed,  the 
branching  of  the  abdominal  aorta  is  such  that  the  vessels  be- 
come connected  with  the  internal  iliac  arteries.  The  hypo- 
gastric arteries  pass  to  the  chorion  through  the  umbilical  cord, 
and  constitute  the  two  umbilical  arteries.  At  first,  there  are 
two  umbilical  veins ;  but  one  of  them  afterward  disappears, 
and  there  is  finally  but  one  vein  in  the  umbilical  cord.  It  is 
in  Hub  way,  the  umbilical  arteries  carrying  the  blood  to  the 
tufts  of  the  foetal  placenta,  which  is  returned  by  the  umbili- 
cal vein,  that  the  placental  circulation  is  established. 

Corresponding  to  the  four  visceral  arches,  which  we  have 
described  in  connection  with  the  development  of  the  face,1 
are  four  vascular  arches.  One  of  these  disappears,  and  the 
remaining  three  undergo  certain  changes,  by  which  they  are 
converted  into  the  vessels  going  to  the  head  and  the  supe- 
rior extremities.  The  anterior  arches  on  the  two  sides  are 
converted  into  the  carotids  and  subclavians ;  the  second,  on 
the  left  side,  is  converted  into  the  permanent  aorta,  and  the 

1  See  page  411. 
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right  ia  obliterated ;  the  third,  on  either  side,  is  converted  into 
the  right  and  left  pulmonary  arteries.     In  the  early  stages  of 
the  development  of  the  vascular  system  of  mammals,  the 
conditions  have  been  compared  to  the  permanent  arrange- 
ment of  the  circulatory  system  in  fishes.     The  heart  of  fishes 
remains  single ;  and  the  heart  of  mam- 
mals is  at  first  single,  bat  afterward  be- 
comes divided,  by  the  development  of 
the  intra-ventricular  septum.  The  bran- 
chial arches  in  fishes  are  permanent,  re- 
ceive all  the  blood  from  the  aortic  bulb, 
and  the  blood  from  these  arches  then 
passes  into  the  dorsal  aorta.     This  is 
very  nearly  the  condition  of  the  vascular 
system  when  the  branchial  arches  first 
appear  in  the  embryon  of  mammals. 

The  changes  of  the  branchial  arches 
which  we  have  described  are  illustrated 
in  the  diagrammatic  Fig.  51.  In  this 
figure,  the  three  branchial  arches  that 
remain  and  participate  in  the  develop- 
ment of  the  upper  portion  of  the  vascu- 
lar system  are  1,  2,  3.  The  two  ante- 
rior (3)  become  the  carotids  (e)  and  the 
subclavians  (s).  The  second  (2)  is  ob- 
literated on  the  right  side,  and  becomes 
the  arch  of  the  aorta  on  the  left  side. 
The  third  (1),  counting  from  above 
downward,  is  converted  into  the  pulmo- 
nary arteries  of  the  two  sides.  Upon  the 
left  side,  there  is  a  large  anastomosing 
vessel  {cd),  between  the  pulmonary  artery  of  that  side  and 
the  arch  of  the  aorta,  which  is  the  ductus  arteriosus.  The 
anastomosing  vessel  (cd)  between  the  right  pulmonary  artery 
and  the  aorta,  is  obliterated. 

1  Von  Baer  described  five  arches,  while  we  have  adopted  but  four.    Only 
three  of  these  arches,  however,  remain  to  be  developed  into  pi 
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Ida,  still  milted,  which  in 
eepatated  it  a  later  pe* 
rtnd ;  a,  a,  the  two  subcla- 
vian*, the  right  arlalng 
from  the  uteri*  tnnoml- 

tbii  pnJmonaiT  uteriea; 
co.  the  left  arterial  canal, 
which  la  finally  obliterat- 
ed; oi,  tho  ductal  arte- 
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The  mode  of  development  of  the  veins  is  very  simple. 
Two  venous  trunks  make  their  appearance  by  the  sides  of 
the  spinal  column,  which  are  called  the  cardinal  veins,  and 
run  parallel  with  the  superior  vertebral  arteries,  or  the  two 
aorte,  emptying  finally  into  the  auricular  portion  of  the  heart 
by  two  canals,  which  are  called  the  canals  of  Cuvier.  These 
veins  change  their  relations  and  connections  as  the  first  cir- 
culation is  replaced  by  the  second.  The  omphalomesenteric 
vein  opens  into  the  heart  between  the  two  canals  of  Cuvier. 
As  development  advances,  the  liver  is  formed  in  the  course 
of  this  vessel,  a  short  distance  below  the  heart,  and  the  vein 
ramifies  in  its  substance ;  so  that  the  blood  of  the  omphalo- 
mesenteric vein  passes  through  the  liver  before  it  gets  to  the 
heart.  We  have  seen  that  the  omphalo-mesenteric  vein  is 
obliterated  as  the  umbilical  vein  makes  its  appearance.  The 
blood  from  the  umbilical  vein  is  at  first  emptied  directly  into 
the  heart ;  but  this  vessel  soon  establishes  the  same  relations 
with  the  liver  as  the  omphalo-mesenteric  vein,  and  its  blood 
passes  through  the  liver  before  it  reaches  the  central  organ 
of  the  circulation.  As  the  omphalo-mesenteric  vein  atro- 
phies, the  mesenteric  vein,  bringing  the  blood  from  the  in- 
testinal canal,  is  developed,  and  this  penetrates  the  liver, 
becoming,  finally,  the  portal  vein. 

As  the  lower  extremities  are  developed,  the  inferior  vena 
cava  makes  its  appearance  between  the  two  inferior  cardinal 
veins.  This  vessel  receives  an  anastomosing  branch  from 
the  umbilical  vein,  before  it  penetrates  the  liver,  and  this 
branch  is  the  ductus  venosus.  As  the  inferior  vena  cava  in- 
creases in  size,  it  communicates  below  with  the  two  inferior 
cardinal  veins ;  and  that  portion  of  the  two  inferior  cardinal 
veins  which  remains  constitutes  the  two  iliac  veins.  The  in- 
ferior cardinal  veins,  between  that  portion  which  forms  the 
iliac  veins  and  the  heart,  finally  become  the  right  and  the  left 
azygos  veins. 

The  right  canal  of  Cuvier,  as  the  upper  extremities  are 
developed,  enlarges  and  becomes  the  vena  cava  descendens,  re- 
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ceiving,  finally,  all  the  blood  from  the  head  and  the  superior 
extremities.  The  left  canal  of  Cuvier  undergoes  atrophy, 
and  finally  disappears.  The  upper  portion  of  the  superior 
cardinal  veins  is  developed  into  the  jugulars  and  subclavians 
on  the  two  sides.  As  the  lower  portion  of  the  left  cardinal 
vein  and  the  left  canal  of  Cuvier  atrophy,  a  venous  trunk  ap- 
pears, connecting  the  left  subclavian  with  the  right  canal  of 
Cuvier.  This  increases  in  size  and  becomes  the  left  vena  in- 
nominata,  which  connects  the  left  subclavian  and  internal 
jugular  with  the  vena  cava  descendens. 

DevdopmerU  of  the  Hea/rt. — The  central  enlargement  of 
the  vascular  system  in  the  first  circulation,  which  becomes  the 
heart,  is  twisted  upon  itself  by  a  single  turn.  The  portion 
connected  with  the  cephalic  extremity  of  the  embryon  gives 
origin  to  the  arterial  system,  and  the  portion  connected  with 
the  caudal  extremity  receives  the  blood  from  the  venous  sys- 
tem. The  walls  of  the  arterial  portion  of  the  heart  soon  be- 
come thickened,  while  the  walls  of  the  venous  portion  re- 
main comparatively  thin.  There  then  appears  a  constriction, 
which  partly  separates  the  auricular  from  the  ventricular  por- 
tion. At  a  certain  period  of  development,  the  heart  presents 
a  single  auricle  and  a  single  ventricle. 

The  division  of  the  heart  into  two  ventricles  appears  be- 
fore the  two  auricles  are  separated.  This  is  effected  by  a 
septum,  which  gradually  extends  from  the  apex  of  the  heart 
upward  toward  the  auricular  portion.  At  the  seventh  week, 
there  is  a  large  opening  between  the  two  ventricles.  This 
gradually  closes  from  below  upward,  -the  heart  becomes  more 
pointed,  and  the  separation  of  the  two  ventricles  is  complete 
at  about  the  end  of  the  second  month.1 

At  about  the  end  of  the  second  month,  a  septum  begins 
to  be  formed  between  the  auricles.  This  extends  from  the 
base  of  the  heart  toward  the  ventricles,  but  leaves  an  open- 
ing between  the  two  sides,  the  foramen  ovale,  or  the  foramen 

1  Bubdach,  Traili  de  physiotoffie,  Paris,  1888,  tome  iii.,  p.  514. 
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of  Botal,  which  persists  during  the  whole  of  foetal  life.  At 
the  anterior  edge  of  the  opening  of  the  vena  cava  ascendens 
into  the  right  auricle,  there  is  a  membranous  fold,  which 
projects  into  the  auricle.  This  is  the  valve  of  Eustachius, 
and  it  divides  the  right  auricle  incompletely  into  two  por- 
tions. 

During  the  sixth  week,  the  heart  is  vertical  and  situ- 
ated in  the  median  line,  with  the  aorta  arising  from  the  cen- 
tre of  its  base.  At  the  end  of  the  second  month,  it  is  raised 
up  by  the  development  of  the  liver,  and  its  point  presents 
forward.  During  the  fourth  month,  it  is  twisted  slightly 
upon  its  axis,  and  the  point  presents  to  the  left.  At  this 
time,  the  auricular  portion  is  larger  than  the  ventricles ;  but 
the  auricles  diminish  in  their  relative  capacity  during  the  lat- 
ter half  of  intra-uterine  life.  The  pericardium  makes  its  ap- 
pearance during  the  ninth  week.1 

Early  in  intraruterine  life,  the  relative  size  of  the  heart  is 
very  great.  At  the  second  month,  its  weight,  in  proportion 
to  the  weight  of  the  body,  is  1  to  50.  This  proportion,  how- 
ever, gradually  diminishes  until,  at  birth,  the  ratio  is  1  to  120. 
The  proportionate  weight  in  the  adult  is  about  1  to  160.* 
During  about  the  first  half  of  intra-uterine  life,  the  thickness 
of  the  two  ventricles  is  nearly  the  same ;  but,  after  that  time, 
the  relative  thickness  of  the  left  ventricle  gradually  increases. 

Peculiarities  of  the  Foetal  Circulation. — In  studying  the 
complete  course  of  the  blood  in  the  foetus,  which  constitutes 
the  second,  or  the  placental  circulation,  we  note  peculiarities 
in  two  portions  of  the  circulatory  system.  In  the  one,  a  pe- 
culiar arrangement  is  necessitated  by  the  passage  of  blood  to 
and  from  the  placenta ;  and  in  the  other,  the  character  of  the 
blood  coming  from  the  placenta  necessitates  a  peculiar  ar- 
rangement of  the  heart  and  the  great  vessels. 

The  branches  from  the  internal  iliac  arteries,  which  pass 

1  Bitrdach,  Traiti  de  physiologic,  Paris,  1888,  tome  Hi.,  p.  515. 
'  Qvain,  Elements  of  Anatomy,  London,  1867,  vol.  L,  p.  327. 
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to  the  foetal  tufts  of  the  placenta,  do  not  exist  in  the  adult. 
The  ductus  venosus,  which  conveys  a  portion  of  the  blood  of 
the  umbilical  vein  to  the  vena  cava  ascendens,  and  the  um- 
bilical vein  itself  do  not  exist  in  the  adult. 

The  Eustachian  valve,  situated  at  the  inner  margin  of  the 
vena  cava  ascendens  as  it  opens  into  the  right  auricle,  does 
not  exist  in  the  adult.  The  foremen  ovale,  or  the  opening 
between  the  right  and  the  left  auricle,  through  which  the 
blood  from  the  vena  cava  ascendens  is  directed  into  the  left 
auricle,  does  not  exist  in  the  adult.  The  ductus  arteriosus, 
which  conveys  the  blood  from  the  left  pulmonary  artery  to 
the  arch  of  the  aorta,  does  not  exist  in  the  adult.  In  the 
adult,  the  pulmonary  arteries  receive  all  the  blood  from  the 
right  ventricle.  In  the  foetus,  the  pulmonary  arteries  receive 
a  small  quantity  of  blood,  as  compared  with  that  which  passes 
to 'the  aorta  through  the  ductus  arteriosus. 

Keeping  in  viewthese  peculiarities  of  the  circulatory  ap- 
pa^tns,  the  entire  course  of  the  blood,  during  foetal  life,  is 
as  follows: 

Beginning  with  the  abdominal  aorta,  we  follow  the  course 
of  blood  into  the  two  primitive  iliacs,  and  thence  into  the 
internal  iliacs.  .  From  the  two  internal  iliacs,  the  two  hypo- 
gastric arteries  arise,  which  ascend  along  the  sides  of  the 
bladder  to  its  fundus,  thence  pass  to  the  umbilicus,  and  go  to 
the  placenta,  forming  the  two  umbilical  arteries.  In  this 
way,  the  blood  of  the  foetus  goes  to  the  placenta. 

The  umbilical  vein  enters  the  body  of  the  foetus  at  the 
umbilicus ;  passes  along  the  margin  of  the  suspensory  liga- 
ment to  the  under  surface  of  the  liver ;  gives  off  one  branch 
of  large  size,  and  one  or  two  smaller  branches  to  the  left  lobe ; 
a  branch  each  to  the  lobus  quadratus  -and  the  lobus  Spigelii ; 
and  the  vessel  reaches  the  transverse  fissure.  At  the  trans- 
verse fissure,  it  divides  into  two  branches,  the  larger  of  which 
joins  the  portal  vein  and  enters  the  liver ;  and  the  smaller, 
which  is  the  ductus  venosus,  passes  to  the  vena  cava  ascendens, 
at  the  point  where  it  receives  the  left  hepatic  vein.    Thus,  the 
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greater  part  of  the  blood  returned  to  the  foetus  from  the  pla- 
centa passes  through  the  liver,  a  relatively  small  quantity 
being  emptied  into  the  vena  cava  by  the  ductus  venosus. 

The  vena  cava  ascendens,  containing  the  placental  blood 
which  has  passed  through  the  liver,  the  blood  conveyed  di- 
rectly from  the  umbilical  vein  by  the  ductus  venosus,  and 
the  blood  from  the  lower  extremities,  passes  to  the  right  au- 
ricle. As  the  blood  enters  the  right  auricle,  it  is  directed  by 
the  Eustachian  valve,  passing  behind  the  valve,  through  the 
foramen  ovale,  into  the  left  auricle.  At  the  same  time,  the 
blood  from  the  head  and  the  superior  extremities  passes  down, 
by  the  vena  cava  descendens,  in  front  of  the  Eustachian  valve, 
through  the  right  auricle,  into  the  right  ventricle.  The  ar- 
rangement of  the  Eustachian  valve  is  such,  that  the  right  au- 
ricle simply  affords  a  passage  for  the  two  currents  of  blood ; 
the  one,  from  the  vena  cava  ascendens,  through  the  foramen 
ovale,  passes  into  the  left  auricle  and  the  left  ventricle ;  and 
the  other,  from  the  vena  cava  descendens,  passes  through  the 
right  auriculo-ventricular  opening,  into  the  right  ventricle.  It 
is  probable,  indeed,  that  there  is  very  little  admixture  of  these 
two  currents  of  blood  in  the  natural  course  of  the  foetal  cir- 
culation. Reid  injected  the  vena  cava  ascendens  with  red, 
and  the  vena  cava  descendens  with  yellow,  in  a  foetus  of 
seven  months,  and  found  very  little  mixture  of  the  two  col- 
ors in  the  passage  of  the  injected  material  through  the  right 
Auricle.1 

The  blood  poured  into  the  left  auricle  from  the  vena  cava 
ascendens  through  the  foramen  ovale  passes  from  the  left 
auricle  into  the  left  ventricle.  The  left  auricle  and  the  left 
ventricle  also  receive  a  small  quantity  of  blood  from  the 
lungs,  by  the  pulmonary  veins.  Thus  the  left  ventricle  is 
filled.  At  the  same  time,  the  right  ventricle  is  filled  with 
blood  which  has  passed  through  the  right  auricle,  in  front  of 

1  Reid,  Injections  of  the  Vessels  of  the  Foetus,  to  show  some  of  the  Peculiari- 
ties of  Us  Circulation.— Phystologicoi  Anatomical  and  PcUhotogical  Researches, 
Edinburgh,  1848,  p.  839. 
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the  Eustachian  valve.  The  two  ventricles,  thus  distended, 
then  contract  simultaneously.  The  blood  from  the  right 
ventricle  passes  in  small  quantity  to  the  lungs,  the  greater 
part  passing  through  the  ductus  arteriosus  into  the  descend- 
ing portion  of  the  arch  of  the  aorta.  This  duct  is  short, 
half  an  inch  in  length,  and  about  the  size  of  a  goose-quill. 
The  blood  from  the  left  ventricle  passes  into  the  aorta  and 
goes  to  the  system.  The  vessels  of  the  head  and  superior 
extremities  being  given  off  from  the  aorta  before  it  receives 
the  blood  from  the  ductus  arteriosus,  these  parts  receive  al- 
most the  pure  blood  from  the  vena  cava  ascendens,  the  only 
mixture  with  the  placental  blood  being  the  blood  from  the 
lower  extremities,  the  blood  from  the  portal  system,  and  the 
small  amount  of  blood  received  from  the  lungs.  After  the 
aorta  has  received  the  blood  from  the  ductus  arteriosus,  how- 
ever, it  is  mixed  blood ;  and  it  is  this  which  supplies  the  trunk 
and  lower  extremities.  This  is  one  of  the  reasons  assigned 
by  physiologists  for  the  greater  relative  development  of  the 
upper  parts  of  the  foetus. 

In  Fig.  52,  which  is  partly  diagrammatic,  the  foetal  circu- 
lation is  illustrated.  In  endeavoring,  in  this  figure,  to  give 
a  clear  idea  of  the  second  circulation,  we  have  not  attempted 
to  preserve  the  exact  relations  or  the  relative  size  of  the  or- 
gans. We  have  endeavored  to  represent,  by  dotted  lines,  the 
Eustachian  valve,  the  foramen  ovale,  and  the  two  auriculo- 
ventricular  orifices.  The  liver,  which  is  smaller  in  the  dia- 
gram than  it  really  is,  and  the  bladder  are  represented  by 
dotted  lines. 

There  can  be  no  doubt  that  the  foetus  derives  materials 
for  its  nutrition  and  growth  from  the  placenta,  and  that  this 
also  serves  as  a  respiratory  organ.  In  another  volume,1  under 
the  bead  of  respiration  before  birth,  we  have  stated  that 
"  Legallois  frequently  observed  a  bright-red  color  in  the  blood 
of  the  umbilical  vein;  and,  on  alternately  compressing  and 
releasing  the  vessel,  he  saw  the  blood  change  in  color  succes- 

1  See  vol  i.,  Respiration,  p.  467. 
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sively  from  red  to  dark  and  from  dark  to  red9'  This  dif- 
ference in  color  between  the  blood  of  the  umbilical  arteries 
and  of  the  umbilical  vein  has,  however,  been  denied  by  some 
authors,  who  state  that  all  of  the  foetal  blood,  while  it  is  of 
nearly  a  uniform  color,  is  lighter  than  the  venous  blood  of 
the  adult ; 1  but  Dalton,  in  a  direct  observation  upon  a  cat, 
"  nearly  arrived  at  the  term  of  pregnancy,"  noted  that  "  the 
difference  in  color  between  the  umbilical  arteries  and  veins 
was  very  distinct.  They  were  both  dark,  but  the  color  of  the 
veins  was  very  decidedly  more  ruddy  than  that  of  the  arte- 
ries ;  i.  e.9  the  blood  in  the  umbilical  arteries  was  of  the  color 
of  the  ordinary  venous  blood,  while  that  of  the  umbilical 
veins  had  a  color  midway  between  the  ordinary  venous  and 
arterial  hues.  All  the  foetuses  were  healthy,  and  moved 
briskly  after  being  taken  out  of  the  uterus."  * 

There  are  numerous  observations  showing  that  the  foetus 
in  viero  makes  respiratory  efforts  when  the  umbilical  vessels 
are  compressed.'  We  believe  that  these,  as  well  as  the  first 
respiration  after  birth,  are  due  to  a  want  of  oxygen  in  the 
general  system  of  the  foetus,  and  think  that  we  have  demon- 
strated this  fact  by  experiments.  This  point  has  already 
been  elaborately  discussed  in  another  volume.4  If  our  ex- 
periments and  the  deductions  drawn  from  them  be  correct, 
there  can  be  no  doubt  with  regard  to  the  respiratory  func- 
tion of  the  placenta,  although,  as  far  as  we  know,  there  has 
never  been  an  accurate  comparison  of  the  gases  contained  in 
the  blood  of  the  umbilical  arteries  and  the  umbilical  vein. 

The  Third,  or  AdvU  Circulation. — When  the  child  is 
born,  the  placental  circulation  is  suddenly  arrested.    After  a 

1  Robin,  Zecone  tur  let  humeure,  Paris,  1867,  p.  116. 

'  Dalton,  The  Physiology  of  the  Circulation.— American  Medical  Monthly, 
New  York,  November,  1860,  p.  840. 

1  B.  S.  Schultze,  Der  Bcheintod  Neugeborener,  Jena,  1871,  S.  64,  et  acq. 

This  is  a  very  elaborate  memoir,  in  which  numerous  references  to  experi- 
ments are  given. 

4  See  vol  i,  Respiration,  p.  479,  et  teq. 
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abort  time,  the  sense  of  want  of  air  becomes  sufficiently  intense 
to  give  rise  to  an  inspiratory  effort,  and  the  first  inspiration 
ismade.-  The  pulmonary  organs  are  then,  for  the  first  time, 
distended  with  air,  the  pulmonary  arteries  carry  the  greatest 
part  of  the  blood  from  the  right  ventricle  to  the  lungs,  and  a 
new  circulation  is  established.  During  the  later  periods  of 
foetal  life,  the  heart  is  gradually  prepared  for  the  new  cur- 
rents of  blood.  The  foramen  ovale,  which  is  largest  at  the 
sixth  month,  after  that  time,  is  partly  occluded  by  the  gradu- 
al growth  of  a  valve,  which  extends  from  below  upward  and 
from  behind  forward,  upon  the  side  of  the  left  auricle.  The 
Eustachian  valve,  which  is  also  largest  at  the  sixth  month, 
gradually  atrophies  after  this  time,  and,  at  full  term,  has  nearly 
disappeared.  At  birth,  then,  the  Eustachian  valve  is  practi- 
cally absent ;  and,  after  pulmonary  respiration  becomes  estab- 
lished, the  foramen  ovale  has  nearly  closed.  The  arrange- 
ment of  the  valve  of  the  foramen  ovale  is  such,  that,  at  birth, 
a  small  quantity  of  blood  may  pass  from  the  right  to  the  left 
auricle,  but  none  can  pass  in  the  opposite  direction.  The  sit- 
uation of  the  Eustachian  valve,  on  the  right  side  of  the  inter- 
auricular  septum,  is  marked  by  an  oval  depression,  called  the 
fossa  ovalis. 

As  a  congenital  malformation,  the  foramen  ovale  may  re- 
main open,  producing  the  condition  known  as  cyanosis  neo- 
natorum. This  may  continue  into  adult  life,  and  is  then  at- 
tended with  more  or  less  disturbance  of  respiration  and  diffi- 
culty in  maintaining  the  normal  heat  of  the  body.  Usually, 
the  foramen  ovale  is  completely  closed  at  about  the  tenth 
day  after  birth.  The  ductus  arteriosus  begins  to  contract  at 
birth,  and  is  occluded,  being  reduced  to  the  condition  of  an 
impervious  cord,  at  from  the  third  to  the  tenth  day. 

When  the  placental  circulation  is  arrested  at  birth,  the 
hypogastric  arteries,  the  umbilical  vein,  and  the  ductus  veno- 
sus  contract,  and  they  become  impervious  at  from  the  second 
to  the  fourth  day.  The  hypogastric  arteries  remain  pervious 
at  their  lower  portion,  and  constitute  the  superior  vesical 
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arteries.  A  rounded  cord,  which  is  the  remnant  of  the 
umbilical  vein,  forms  the  round  ligament  of  the  liver.  A 
slender  cord,  the  remnant  of  the  ductus  venosus,  is  lodged 
in  a  fissure  of  the  liver,  called  the  fissure  of  the  ductus 
venosus. 

« 
A  history  of  the  development  of  the  various  tissues  of 

the  body  belongs  really  to  general  anatomy,  and  is  usually 
given  in  works  specially  devoted  to  that  subject.  We  have 
only  treated  of  it  incidentally,  in  our  account  of  the  develop- 
ment of  the  various  organs  and  systems. 


GHAPTER  XIX. 

FCETAL  LIFE — DEVELOPMENT  AFTER  BERTH — DEATH. 

Enlargement  of  the  uterus  in  pregnancy — Duration  of  pregnancy — Size,  weight, 
and  position  of  the  foetus — The  foetus  at  different  stages  of  intra-uterine 
life — Multiple  pregnancy — Cause  of  the  first  contractions  of  the  uterus  in 
normal  parturition — Involution  of  the  uterus — Meconium — Dextral  pre- 
eminence— Development  after  birth — Ages — Death — Cadaveric  rigidity- 
Putrefaction. 

As  the  development  of  the  ovum  advances,  the  uterus  is 
enlarged  and  its  walls  are  thickened.  The  form  of  the  organ, 
also,  gradually  changes,  as  well  as  its  position.  Immediately 
after  birth,  its  weight  is  about  a  pound  and  a  half,  while  the 
virgin  uterus  weighs  less  than  two  ounces.  It  is  a  remark- 
able fact,  demonstrated  upon  the  living  subject,  by  Prof.  I. 
E.  Taylor,  of  New  York,  that  the  neck  of  the  uterus,  while 
it  becomes  softer  and  more  patulous  during  pregnancy,  does 
not  change  its  length,  even  in  the  very  latest  stages  of  utero- 
gestation.1    This  fact  is  in  opposition  to  the  statements  of 

1  Taylor,  On  the  Non-shortening  of  the  Bitpra  and  Infra -Vaginal  Portion 
of  the  Cervix  Uteri  up  to  the  End  of  Pregnancy. — American  Medical  7%mes, 
New  York,  1862,  voL  iy.,  p.  842,  et  teq. 

The  opinions  of  obstetricians  with  regard  to  the  condition  of  the  cervix 
uteri  at  the  later  periods  of  pregnancy,  anterior  to  the  observations  of  Prof. 
Taylor,  were  based  chiefly  upon  digital  examinations,  which  are  very  deceptive. 
Dr.  Taylor's  observations,  which  are  entirely  conclusive,  were  made  both  with 
the  touch  and  the  speculum.  In  I860,  Prof.  Dalton  stated,  as  the  result  of  post- 
mortem  examinations,  "  that  neither  the  os  internum  nor  os  externum  disap- 
peared at  all,  even  up  to  the  end  of  the  ninth  month."  (Proceedings  of  the 
New  York  Pathological  Society.— New  York  Journal  of  Medicine,  1860,  Third 
Series,  vol.  viil,  p.  258.)  A  very  elaborate  historical  review  of  the  Bubject,  re* 
ferring  particularly  to  the  views  advanced  by  Btoltz,  about  the  year  1826,  and  to 
the  opinions  of  the  older  writers,  is  given  by  Dr.  Matthews  Duncan,  in  his  Re- 
searches in  Obstetric*,  New  York,  1868,  p.  248,  et  seq. 
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most  obstetricians,  who  believe  that  the  os  internum  dilates, 
and  that  the  neck  is  gradually  absorbed,  as  it  were,  by  the 
body  of  the  uterus,  during  the  later  months  of  pregnancy. 

We  have  already  studied  the  remarkable  changes  which 
take  place  in  the  mucous  membrane  of  the  uterus  during 
pregnancy  and  the  mode  of  formation  of  the  decidua,  and 
we  have  seen  that  the  mucous  membrane  of  the  neck  does 
not  participate  in  these  changes  and  is  not  thrown  off  in  par- 
turition. The  only  change,  indeed,  which  we  note  in  the 
neck,  aside  from  the  softening  of  its  texture,  is  the  secretion 
of  the  plug  of  mucus  which  closes  the  os. 

The  changes  in  the  walls  of  the  uterus  during  pregnancy 
are  very  important.  The  blood-vessels  become  much  enlarged, 
and  the  muscular  fibres  increase  immensely  in  size,  so  that 
their  contractions  are  very  powerful  when  the  foetus  is  ex- 
pelled. 

It  is  evident  that,  on  account  of  the  progressive  increase 
in  the  size  of  the  uterus  during  pregnancy,  it  cannot  remain 
in  the  cavity  of  the  pelvis  at  the  later  months.  During  the 
first  three  months,  however,  when  it  is  not  too  large  for  the 
pelvis,  it  sinks  back  into  the  hollow  of  the  sacrum,  the  fundus 
being  directed  somewhat  backward,  with  the  neck  presenting 
downward,  forward,  and  a  little  to  the  left.  After  this  time, 
however,  the  increased  size  of  the  organ  causes  it  to  extend 
into  the  abdominal  cavity,  so  that  its  fundus  eventually  reaches 
the  epigastric  region.  Its  axis  then  has  the  general  direction 
of  the  axis  of  the  superior  strait  of  the  pelvis. 

The  enlargement  of  the  uterus  and  the  necessity  of  car- 
rying on  a  greatly-increased  circulation  in  its  walls  during 
pregnancy  are  attended  with  a  temporary  hypertrophy  of  the 
heart.  According  to  Robin,  it  is  mainly  the  left  ventricle 
which  is  thickened  during  utero-gestation,  and  the  increase  in 
the  weight  of  the  heart  at  full  term  amounts  to  more  than 
one-fifth.1  After  delivery,  the  weight  of  the  heart  soon  re- 
turns to  nearly  the  normal  standard. 

1  Lirni  it  Robin,  Didionnairt  de  mS<kciney  Paris,  1878,  Article,  Qmur. 
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Duration  of  Pregnancy. — The  duration  of  pregnancy, 
dating  from  a  fruitful  intercourse,  must  be  considered  as  va- 
riable, within  certain  limits.  The 'method  of  calculation 
most  in  use  by  obstetricians  is,  to  date  from  the  end  of  the 
last  menstrual  period.  Dr.  Matthews  Duncan,  who  has  made 
quite  a  number  of  observations  upon  this  point,  states  that 
the  278th  day  after  the  end  of  the  last  menses  is  the  average 
day  of  delivery;  but  he  admits  that  his  method  of  calculation 
is  rough,  though  he  cannot  find  any  that  is  more  reliable. 
The  observations  upon  which  this  opinion  is  based  are  the 
following :  The  day  was  predicted  in  153  cases ;  in  10  cases, 
confinement  occurred  on  the  exact  day ;  in  80  cases,  the  con- 
finement occurred  sooner,  presenting  an  average  of  7  days  for 
each  case ;  and,  in  63  cases,  the  confinement  occurred  later, 
presenting  an  average  of  8  days  for  each  case.1  The  great 
difficulty  in  predicting  the  exact  time  of  confinement,  which  is 
very  important  in  practice,  is  mainly  due  to  the  comparatively 
small  number  of  reliable  observations  in  which  the  pregnancy 
can  be  dated  from  a  single  intercourse,  or  intercourse  occur- 
ring  within  two  or  three  days.  We  hare  received  from  Prof. 
Fordyce  Barker  the  following  very  interesting  account  of  a 
case  in  which  this  observation  was  made,  in  his  own  practice : 
A  lady  concerning  whom  there  could  be  no  suspicion  of  in- 
accuracy, residing  in  New  York,  received  a  visit  from  her 
husband,  after  a  long  interval  of  absence.  He  arrived  in 
this  city  from  New  Orleans,  remained  thirty-six  hours,  and 
then  went  to  Europe,  where  he  remained  for  four  months. 
Exactly  298  days  from  the  date  of  the  first  visit  of  the  hus- 
band, the  lady  was  confined  and  delivered  by  Prof.  Barker. 
This  occurred  in  1852."  Taking  into  account  the  various 
cases  which  are  quoted  by  authors,  in  which  conception  has 
been  supposed  to  follow  a  single  coitus,  there  appears  to  be  a 
range  of  variation  in  the  duration  of  pregnancy,  according 

1  J.  Matthews  Duncan,  Fecundity,  Fertility,  Sterility  and  AUied  Topic*, 
New  York,  1871,  p.  449. 

9  Communication  from  Prof.  Barker. 
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to  Leishman,  of  no  less  than  40  days,  the  extremes  being  260 
and  300  days.1 

In  the  very  interestiiig  observations  of  Kundrat  and  En- 
gelmann,  on  the  changes  of  the  uterine  mucous  membrane 
during  menstruation,  to  which  we  have  already  referred,*  the 
idea  is  advanced  that  pregnancy  dates  really  from  a  men- 
strual period  which  is  prevented,  as  far  as  a  discharge  of 
blood  is  concerned,  by  fecundation  of  an  ovum,  and  not  from 
the  period  immediately  preceding,  in  which  the  flow  takes 
place.*  If  we  adopt  this  view,  the  changes  in  the  mucous 
membrane  of  the  uterus  ordinarily  terminate  in  a  fatty  de- 
generation of  the  vascular  walls,  which  results  in  a  capillary 
haemorrhage ;  if,  however,  an  ovum  be  fecundated,  these 
changes  do  not  pass  into  fatty  degeneration,  but  advance  to 
an  hypertrophy,  which  is  the  first  stage  in  the  formation  of 
the  decidua.  This  view  was  advanced,  a  short  time  before  the 
publication  of  the  researches  of  Kundrat  and  Engelmann,  by 
Loewenhardt,  in  a  very  elaborate  clinical  memoir  upon  the 
duration  of  pregnancy.4  The  arguments  in  opposition  to 
this  method  of  calculating  the  duration  of  pregnancy  are  the 
following :  The  time,  with  relation  to  the  menstrual  flow,  at 
which  an  ovum  is  discharged  has  not  been  accurately  deter- 
mined ;  and  it  is  certain  that  ovulation  frequently  does  not 
take  place  until  after  the  flow  of  blood  has  been  established. 
This  question  we  have  fully  considered  in  a  previous  chapter.* 
It  is  probable,  also,  that  intercourse  is  most  liable  to  be  fol- 
lowed by  fecundation,  when  it  occurs  just  after  the  cessation 
of  a  menstrual  period,  and  when  the  female  often  presents 
unusual  sexual  excitement ;  but  it  is  true  that  fecundation  may 
follow  intercourse  at  any  time.    If  we  admit  that  fecundation 

1  Leishman,  Sytiem  of  Midwifery,  Glasgow,  1878,  p.  188. 

*  See  page  306. 

*  Kundrat  ttxd  Engelmann,  Unterxuchungen  uber  die  Uieruuchleimhaut.— 
Medmnische  Jahrbucher,  Wien,  1873,  S.  148. 

4  Loewenhardt,  Die  Serechnung  und  die  Bauer  der  Schwangerachaft— 
Archivfur  Gynaekologie,  Berlin,  1872,  Bd.  iii.,  S.  456,  et  teq. 
8  See  page  293. 
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dates  more  nearly  from  a  menstrual  period  prevented  than 
from  the  last  appearance  of  the  flow,  it  would  be  necessary  to 
assume  that  ovulation  usually  takes^place  before  the  flow,  and 
fecundation  would  be  most  liable  to  follow  intercourse  occur- 
ring at  that  time ;  for  we  could  hardly  admit  that  an  ovum, 
fecundated  at  the  cessation  of  a  menstrual  period,  could  re- 
main in  the  generative  passages  of  the  female  for  two  or 
three  weeks,  before  the  mucous  membrane  of  the  uterus  is 
prepared  for  its  reception.  These  facts  are  so  strong,  that 
the  view  advanced  by  Loewenhardt,  and  apparently  supported 
by  the  researches  of  Kundrat  and  Engelmann,  cannot  yet  be 
adopted  without  reserve. 

As  regards  the  practical  applications  of  calculations  of 
the  probable  duration  of  pregnancy  in  individual  cases,  we 
must  recognize  the  fact  that  the  duration  is  variable.  If  we 
date  from  the  end  of  the  last  menstrual  period,  we  may 
adopt  the  average  of  278  days,  a  little  more  than  nine  calen- 
dar months.  If  we  adopt  the  view  that  pregnancy  dates 
from  a  menstrual  period  which  has  been  prevented,  the  dura- 
tion of  intraruterine  life  would  be  about  250  days. 

Size,  Weighty  and  Position  of  the  Foetus. — The  estimates 
of  writers  with  regard  to  the  size  and  weight  of  the  em- 
bryon  and  foetus  at  different  stages  of  intrauterine  life  pre- 
sent very  wide  variations ;  still,  it  is  important  to  have  an 
approximative  idea,  at  least,  upon  these  points,  and  we  shall 
adopt  the  figures  given  by  Scanzoni,  as  presenting  fair  aver- 
ages. As  the  measurements  and  weights  are  simply  approxi- 
mative, the  slight  differences  between  the  German  and  the 
English  standards  are  not  important.  It  will  be  useful,  also, 
to  give,  as  is  done  by  Scanzoni,  a  review  of  the  general  de- 
velopment of  the  organs  at  different  stages.1 

At  the  third  week,  the  embryon  is  from  two  to  three 
lines  in  length.  This  is  about  the  earliest  period  at  which 
measurements  have  been  taken  in  the  normal  state. 

1  Scanzoni,  Lehrbuch  der  Geburtshilfc,  Wien,  1867,  Bd.  L,  &  89,  d  seq. 
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At  the  seventh  week,  the  embryon  measures  about  nine 
lines.  Points  of  ossification  have  appeared  in  the  clavicle 
and  the  lower  jaw ;  the  Wolffian  bodies  are  large;  the  pedicle 
of  the  umbilical  vesicle  is  very  much  reduced  in  size ;  the 
internal  organs  of  generation  have  just  appeared ;  the  liver 
is  of  large  size ;  the  lungs  present  several  lobules. 

At  the  eighth  week,  the  embryon  is  from  ten  to  fifteen 
lines  in  length.  The  lungs  begin  to  receive  a  small  quantity 
of  blood  from  the  pulmonary  arteries ;  the  external  organs 
of  generation  have  appeared,  but  it  is  difficult  to  determine 
the  sex ;  the  abdominal  walls  have  closed  over  in  front. 

At  the  third  month,  the  embryon  is  from  two  to  two  and 
a  half  inches  long,  and  weighs  about  one  ounce.  The  amni- 
otic fluid  is  then  more  abundant,  in  proportion  to  the  size  of 
the  embryon,  than  at  any  other  period.  The  umbilical  cord 
begins  to  be  twisted ;  the  various  glandular  organs  of  the  ab- 
domen appear ;  the  pupillary  membrane  is  formed ;  the  limi- 
tation of  the  placenta  has  become  distinct.  At  this  time,  the 
upper  part  of  the  embryon  is  relatively  much  larger  than  the 
lower  portion. 

At  the  end  of  the  fourth  month,  the  embryon  becomes 
the  foetus.  It  is  then  from  four  to  five  inches  long,  and 
weighs  about  five  ounces.  The  muscles  begin  to  manifest  con- 
tractility ;  the  eyes,  mouth,  and  nose  are  closed ;  the  gall-blad- 
der is  just  developed ;  the  f  ontanelles  and  sutures  are  wide. 

At  the  fifth  month,  the  foetus  is  from  nine  to  twelve 
inches  long,  and  weighs  from  five  to  nine  ounces.  The  hairs 
begin  to  appear  on  the  head ;  the  liver  begins  to  secrete  bile, 
and  the  meconium  appears  in  the  intestinal  canal ;  the  amnion 
is  in  contact.with  the  chorion. 

At  the  sixth  month,  the  foetus  is  from  eleven  to  fourteen 
inches  long,  and  weighs  from  one  and  a  half  to  two  pounds. 
If  born  at  this  time,  life  may  continue  for  a  few  moments ; 
the  bones  of  the  head  are  ossified,  but  the  f  ontanelles  and 
sutures  are  still  wide ;  the  prepuce  has  appeared ;  the  testi 
cles  have  not  descended. 
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At  the  seventh  month,  the  foetus  is  from  fourteen  to 
fifteen  inches  long,  and  weighs  from  two  to  three  pounds. 
The  hairs  are  longer  and  darker ;  the  pupillary  membrane 
disappears,  undergoing  atrophy  from  the  centre  to  the  periph- 
ery ;  the  relative  quantity  of  the  amniotic  fluid  is  dimin- 
ished, and  the  foetus  is  not  so  free  in  the  cavity  of  the 
uterus ;  the  foetus  is  now  viable. 

At  the  eighth  month,  the  foetus  is  from  fifteen  to  sixteen 
inches  long,  and  weighs  from  three  to  four  pounds.  The 
eyelids  are  opened  and  the  cornea  is  transparent ;  the  pupil- 
lary membrane  has  disappeared;  the  left  testicle  has  de- 
scended ;  the  umbilicus  is  at  about  the  middle  of  the  body, 
the  relative  size  of  the  lower  extremities  having  increased. 

At  the  ninth  month,  the  foetus  is  about  seventeen  inches 
long,  and  weighs  from  five  to  six  pounds.  Both  testicles 
have  usually  descended,  but  the  tunica  vaginalis  still  com- 
municates with  the  peritoneal  cavity. 

At  birth,  the  infant  weighs  a  little  more  than  seven 
pounds,  the  usual  range  being  from  four  to  ten  pounds, 
though  these  limits  are  sometimes  exceeded. 

The  position  of  the  foetus,  in  the  great  majority  of  cases, 
excluding  abnormal  presentations,  is  with  the  head  down- 
ward; and  why  this  is  the  usual  and  the  normal  position,  is  a 
question  which  has  been  the  subject  of  much  discussion.  As 
we  have  just  seen,  in  the  early  stages  of  pregnancy,  the  foetus 
floats  quite  freely  in  the  amniotic  fluid.  Upon  this  point,  Dr. 
Matthews  Duncan  has  made  the  following  interesting  ex- 
periments :  Securing  the  limbs  of  the  foetus  in  the  natural 
position  which  it  assumes  in  utero^  by  means  of  threads,  and 
immersing  it  in  a  solution  of  salt  of  nearly  its  own  specific 
gravity,  he  found  that  it  naturally  gravitated  to  nearly  the 
normal  position,  with  the  head  downward.1  It  is  probable, 
judging  from  these  observations,  that  the  natural  gravitation 
of  the  head  and  of  the  upper  part  of  the  foetus  is  the  deter- 
mining cause  of  the  ordinaiy  position  in  utero. 

1  J.  Matthews  Duncan,  Researches  in  Obstetrics,  New  York,  1868,  p.  27. 
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The  shape  of  the  uterus  at  full  term  is  ovoid,  the  lower 
portion  being  the  narrower.  The  foetus  has  the  head  slightly 
flexed  upon  the  sternum,  the  arms  flexed  upon  the  chest  and 
crossed,  the  spinal  column  curved  forward,  the  thighs  flexed 
upon  the  abdomen,  the  legs  slightly  flexed,  and  usually  crossed 
in  front,  and  the  feet  flexed  upon  the  legs,  with  their  inner 
margin  drawn  toward  the  tibia.  This  is  the  position  in  which 
the  foetus  is  best  adapted  to  the  size  of  the  uterine  cavity, 
and  in  which  the  expulsive  force  of  the  uterus  can  be  most 
favorably  exerted,  both  as  regards  the  foetus  and  the  genera- 
tive passages  of  the  mother. 

Muttiple  Pregncmcy. — It  is  not  very  rare  to  observe  two 
children  at  a  birth,  and  cases  are  on  record  where  there  have 
been  four  and  even  Ave,  though  in  these  latter  instances  the 
children  generally  survive  but  a  short  time,  or,  as  is  more  com- 
mon, abortion  takes  place  during  the  first  months.  Three  at 
a  birth,  though  rare,  has  been  often  observed ;  and  we  have 
in  mind  at  this  moment  a  case  of  three  females,  triplets,  all 
of  whom  lived  past  middle  age. 

In  cases  of  twins,  it  is  an  interesting  question  to  deter- 
mine whether  the  development  always  takes  place  from  two 
ova,  or  whether  a  single  ovum  may  be  developed  into  two 
beings.  In  the  majority  of  cases,  twins  are  of  the  same  sex, 
though  sometimes  they  are  male  and  female.  In  some  cases, 
there  are  two  full  sets  of  membranes,  each  foetus  having  its 
distinct  decidua,  placenta,  and  chorion ;  in  others,  there  is  a 
single  chorion  and  a  double  amnion;  but,  in  some,  both  foe- 
tuses are  enclosed  in  the  same  amnion.  As  a  rule,  the  two 
placentae  are  distinct ;  but  sometimes  there  is  a  vascular  com- 
munication between  them,  or  what  appears  to  be  a  single  pla- 
centa may  give  origin  to  two  umbilical  cords.  If  there  be 
but  a  single  chorion  and  amnion  and  a  single  placenta,  it  has 
been  thought  that  the  two  beings  are  developed  from  a  single 
ovum  ;  otherwise,  it  would  be  necessary  to  assume  that  there 
were  originally  two  sets  of  membranes,  which  had  become 
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fused  into  one.  The  instances  on  record,  one  of  which  we 
have  given/  of  twins,  one  white  and  the  other  black,  show  con- 
clusively that  two  ova  may  be  developed  in  the  uterus  at  the , 
same  time.  While  there  can  be  no  doubt  upon  this  point,  the 
question  of  the  possibility  of  the  development  of  two  beings 
from  a  single  ovum  remains  unsettled.  It  is  thought  to  be 
more  difficult  to  understand  how  two  conjoined  monsters, 
like  the  celebrated  Siamese  twins,  who  have  just  died,  could 
be  developed  from  two  ova  which  became  fused,  than  to 
imagine  the  development  of  two  beings  from  a  single  ovum. 
This  question,  however,  belongs  to  teratology,  and  could  only 
be  settled  by  observations  of  conjoined  monsters  very  early 
in  their  development,  which  do  not  exist  in  literature. 

As  pathological  conditions,  we  have  extra-uterine  preg- 
nancies, in  which  the  fecundated  ovum,  forming  its  attach- 
ments in  the  Fallopian  tube  (Fallopian  pregnancy)  or  within 
the  abdominal  cavity  (abdominal  pregnancy),  undergoes  a  cer- 
tain degree  of  development.  The  uterus  usually  enlarges,  in 
these  instances,  and  forms  an  imperfect  decidua. 

Cause  of  ike  First  Contractions  of  the  Uterus  m  Normal 
Parturition. — The  cause  of  the  first  contraction  of  the  uterus 
in  normal  parturition  is  undoubtedly  referable  to  some  change 
in  the  attachment  of  its  contents,  which  causes  the  foetus  and 
its  membranes  to  act  as  a  foreign  body.  When,  for  any 
reason,  it  is  advisable  to  cause  the  uterus  to  expel  its  contents 
before  the  full  term  of  pregnancy,  the  most  physiological 
method  of  bringing  on*  the  contractions  of  this  organ  is  to 
cautiously  separate  a  portion  of  the  membranes,  as  is  often 
done  by  introducing  an  elastic  catheter  between  the  ovum 
and  the  uterine  wall.  A  certain  time  after  this  operation, 
the  uterus  contracts  to  expel  the  ovum,  which  then  acts  as  a 
foreign  body. 

In  the  normal  state,  toward  the  end  of  pregnancy,  the 
cells  of  the  decidua  vera  and  of  that  portion  of  the  placenta 

1  See  page  848. 
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which  is  attached  to  the  uterus  undergo  fatty  degeneration, 
and,  in  this  way,  there  is  a  gradual  separation  of  the  outer 
membrane,  so  that  the  contents  of  the  uterus  gradually  lose 
their  anatomical  connection  with  the  mother.  When  this 
change  has  progressed  to  a  certain  extent,  the  uterus  begins 
to  contract ;  each  contraction  then  separates  the  membranes 
more  and  more,  the  most  dependent  part  pressing  upon  the 
os  internum,  and  the  subsequent  contractions  are  probably 
due  to  reflex  action.  The  first  "pain"  is  induced  by  the 
presence  of  the  foetus  and  its  membranes  as  a  foreign  body/ 
a  mechanism  similar  to  that  which  obtains  when  premature 
labor  has  been  brought  on  by  separation  of  the  membranes. 

We  shall  not  describe  the  mechanism  of  parturition,  al- 
though this  is  entirely  a  physiological  process,  for  the  reason 
that  it  is  necessarily  considered  elaborately  in  works  on  ob- 
stetrics. The  first  contractions  of  the  uterus,  by  pressing  the 
bag  of  waters  against  the  os  internum,  gradually  dilate  the 
cervix ;  the  membranes  usually  rupture  when  the  os  is  pretty 
fully  dilated,  and  the  amniotic  fluid  is  discharged ;  the  head 
then  presses  upon  the  outlet ;  and,  the  uterine  contractions 
becoming  more  and  more  vigorous  and  efficient,  the  child  is 
brought  into  the  world,  this  being  followed  by  the  expulsion  of 
the  membranes  and  placenta.  There  then  follows  a  tonic  con- 
traction of  the  muscular  walls  of  the  uterus,  which  becomes 
a  hard,  globular  mass,  easily  felt  through  the  flaccid  abdom-  * 
inal  walls.  The  very  contractions  of  the  muscular  fibres  of 
the  uterus  which  expel  the  foetus  close  the  vessels  ruptured 
by  the  separation  of  the  placenta  and  arrest  the  haemorrhage 
from  the  mother.  The  changes  which  then  take  place  in  the 
respiration  and  the  circulation  of  the  infant  have  been  fully 
considered  in  connection  with  the  development  of  the  circu- 
latory system.' 

Involution  of  the  Uterus. — At  from  four  to  six  days,  and 

1  Hzxnig,  Sludien  iiber  den  Beat  der  menschlichen  Placenta,  Leipzig,  1872,  S. 
26.  *  See  page  441. 
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seldom  later  than  eight  days  after  parturition,  the  uterus  has 
sensibly  advanced  in  the  process  of  involution ;  and  it  is  then 
gradually  reduced  to  the  size  and  structure  which  it  presents 
during  the  non-pregnant  condition,  though  it  never  becomes 
quite  as  small  as  in  the  virgin  state.  The  new  mucous  mem- 
brane, which  has  been  developing  during  the  latest  periods  of 
pregnancy,  becomes  perfect  at  about  the  end  of  the  second 
month  after  delivery.  It  has  then  united,  at  the  os  inter- 
num, with  the  mucous  membrane  of  the  neck,  which  does 
not  participate  in  the  formation  of  the  decidua.  The  mus- 
cular fibres,  after  parturition,  present  granules  and  globules 
of  fat  in  their  substance,  and  are  gradually  reduced  in  size, 
as  the  uterus  becomes  smaller.  Their  involution  is  com- 
plete  at  about  the  end  of  the  second  month.  During  the 
first  month,  and  particularly  within  the  first  two  weeks 
after  delivery,  there  is  a  sero-sangninolent  discharge  from 
the  uterus,  which  is  due  to  disintegration  of  the  blood  and 
of  the  remains  of  the  membranes  in  its  cavity,  this  debris 
being  mixed  with  a  certain  amount  of  aero-mucous  secretion. 
This  discharge  constitutes  the  lochia,  which  are  at  first  red, 
but  become  paler  as  they  are  reduced  in  quantity,  and  disap- 
pear. 

During  lactation,  which  we  have  already  considered  in 
another  volume,1  the  processes  of  ovulation  and  menstruation 
are  usually  arrested,  though  this  is  not  always  the  case.  In  the 
volume  on  secretion,  wehave  given  a  full  description  of  the 
vernix  caseosa,  and,  in  the  same  volume,  we  have  stated  what 
is  known  with  regard  to  the  properties  and  composition  of 
the  urine  of  the  foetus.* 

Meconium. — At  about  the  fifth  month,  there  appears  a 
certain  amount  of  secretion  in  the  intestinal  canal,  which  be- 
comes more  abundant,  particularly  in  the  large  intestine,  as 
development  advances.  This  is  rather  light-colored  or  gray- 
ish in  the  upper  portion  of  the  small  intestine,  becoming  yel- 

1  See  vol.  iii.,  Secretion,  p.  72,  H  *eq.  *  Ibid.,  pp.  67,  221. 
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lowish  in  the  lower  portion,  and  is  of  a  dark-greenish  color 
in  the  colon.  The  dark,  pasty,  adhesive  matter,  which  is  dis- 
charged from  the  rectum  soon  after  birth,  is  called  the  meco- 
nium. 

The  meconium  appears  to  consist  of  a  thick,  mucous  secre- 
tion, with  numerous  grayish  granules,  a  few  fatty  granules, 
inte^inal  epitheKum,^  frequently,  crystals  of  choSerin^ 
this  occurring,  according  to  Eobin  and  Tardieu,  in  about  two 
out  of  five  specimens.  The  color  seems  to  be  due  to  granula- 
tions of  the  coloring  matter  of  the  bile.1  According  to  Dalton, 
none  of  the  biliary  salts  can  be  detected  in  the  meconium  by 
Fettenkof er's  test.'  The  constituent  of  the  meconium  which, 
in  our  own  observations,  we  have  found  to  possess  the  great- 
est physiological  importance,  is  cholesterine.  Although  but 
few  crystals  of  cholesterine  are  found  on  microscopical  ex- 
amination, the  simplest  processes  for  its  extraction  will  re- 
veal the  presence  of  this  principle  in  large  quantity*  In  a 
specimen  of  meconium  in  which  we  made  a  quantitative 
examination,  the  proportion  of  cholesterine  was  6*245  parts 
per  1,000.  It  is  a  significant  fact,  that  the  meconium  con- 
tains cholesterine  and  no  stercorine,  the  stercorine,  in  the 
adult,  resulting  from  a  transformation  of  cholesterine  by  the 
digestive  fluids,  which  are  probably  not  secreted  during  intra- 
uterine life. 

None  of  the  secretions  concerned  in  digestion  appear  to 
be  produced  m  utero,  and  it  is  also  probable  that  the  true 
biliary  salts  are  not  formed  at  that  time ;  but  we  know  that 
the  processes  of  disassimilation  and  excretion  are  then  active, 
and  the  cholesterine  of  the  meconium  is  the  product  of  the 
excretory  action  of  the  liver.  The  relations  of  cholesterine 
as  an  excrementitious  principle  have  already  been  very  fully 
discussed." 

1  Robin  n  Tardiiu,  Mhnoire  tur  Vexamen  microtcopique  de$  taehe*  formSe» 
par  U  meconium  et  Venduit  foetal,  Paris,  1857,  p.  21,  et  eeg. 
'  Dalton,  Human  Physiology,  Philadelphia,  1871,  p.  668. 
'  See  vol.  iii.,  Excretion,  p.  267,  et  seq. 
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Dextral  Preeminence. — The  curious  fact,  that  most  per- 
sons by  preference  use  the  right  arm,  leg,  eye,  etc,  instead 
of  the  left,  while,  as  exceptions,  some  use  the  left  in  prefer- 
ence to  the  right,  has  excited  a  great  deal  of  discussion,  even 
among  the  earlier  writers.  There  can  be  no  doubt  with  re- 
gard to  the  fact  of  a  natural  dextral  preeminence ;  and,  also, 
that  lef  t-handedness  is  congenital,  difficult,  if  not  impos- 
sible, to  correct  entirely,  and  not  due  simply  to  habit  It 
would  appear  that  there  must  be  some  condition  of  organiza- 
tion, which  produces  dextral  preeminence  in  the  great  major- 
ity of  persons,  and  lef  t-handedness,  as  an  exception ;  but  what 
this  condition  is,  it  is  very  difficult  to  determine.  Several  yean 
ago,  J.  Achille  Comte  proposed  the  theory  that,  in  the  most 
common  position  of  the  foetus  m  vtero,  the  left  side  of  the 
body  is  pressed  against  the  spinah  column  of  the  mother,  and, 
as  a  consequence,  the  muscles  of  that  side  are  not  so  fully 
developed  as  upon  the  right  side.  To  carry  out  this  explana- 
tion, it  would  be  necessary  to  show  that,  in  the  position  in 
which  the  right  side  is  toward  the  back  of  the  mother,  the 
individual  is  left-handed.  Comte  has  endeavored  to  show 
this,  but  his  cases  are  not  sufficiently  numerous  and  clear  to 
carry  conviction.1  Another  explanation,  very  often  offered 
by  anatomists,  is,  that  the  right  subclavian  artery  arises  nearer' 
the  heart  than  the  left,  that  the  right  arm  is  therefore  better 
supplied  with  arterial  blood,  develops  more  fully,  and  is,  con- 
sequently, generally  used  in  preference  to  the  left ;  but  we  can- 
not explain  the  exceptional  predominance  of  the  left  hand  by  an 
inversion  of  this  arrangement  of  vessels.  The  idea  advanced 
by  Dr.  Dwight,  of  Boston,  that  "  one-half  of  the  brain  (the 
left)  has  a  more  acute  perception  of  tactile  impressions,  while 
the  other  (the  right)  distinguishes  more  readily  different  de- 
grees of  temperature  and  weight,"  is  based  upon  a  few  ob- 
servations on  these  points  in  right-handed  persons  and  one 

1  J.  Achille  Comte,  Recherche*  anaiomico-phynologiques,  relative*  d  la  pre- 
dominance du  bras  droit  sur  le  bras  gauche. — Journal  de  physiologic,  Paris,  1828* 
tome  viii.,  p.  41,  et  seq. 
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on  a  left-handed  person.  The  data  given  by  Dr.  Dwight 
are  not  sufficient,  however,  to  render  this  explanation  satis- 
factory.1 

The  most  important  anatomical  and  pathological  facts 
bearing  upon  the  question  under  consideration  are  the  fol- 
lowing :  Dr.  Soyd  has  shown  that  the  left  side  of  the  brain 
almost  invariably  exceeds  the  right  in  weight,  by  about  one- 
eighth  of  an  ounce.  In  aphasia,  the  lesion  is  almost  always 
on  the  left  side  of  the  brain.  These  facts  point  to  a  pre- 
dominance of  the  left  side  of  the  brain,  which  presides  over 
the  movements  of  the  right  side  of  the  body.  Again,  a  few 
cases  of  aphasia  with  left  hemiplegia,  the  lesion  being  on  the 
right  side  of  the  brain,  have  been  reported  as  occurring  in 
left-handed  persons.  These  points  we  have  noted  in  treating 
of  the  nervous  system.* 

Dr.  Ogle,  in  a  recent  paper  on  right-handedness,  gives 
several  instances  of  aphasia  in  left-handed  persons,  in  which 
the  brain-lesion  was  on  the  right  aide.  In  two  left-handed 
individuals,  the  brain  was  examined  and  compared  with  the 
brain  of  right-handed  .persons.  It  was  found  that  the  brain 
was  more  complex  on  the  left  side  in  the  right-handed,  and 
on  the  right  side  in  the  left-handed.*  In  the  discussion  which 
followed  the  presentation  of  this  paper,  Dr.  Charlton  Bastian 
stated  that  he  had  found  the  gray  matter  of  the  brain  to  be 
generally  heavier  on  the  left  than  on  the  right  side.4  With 
regard  to  the  cause  of  the  superior  development  of  the  left 
side  of  the  brain,  the  only  explanation  offered  was  the  fact 

1  Dwight,  Right  and  Left  Handedness. — Journal  of  Psychological  Medicine, 
New  York,  1870,  vol  iv.,  p.  589. 

8  See  toL  iv.,  Nervous  System,  pp.  856,  357. 

*  Ogle,  On  DextrcU  Preeminence. — Medico-Chirurgiccd  Transactions,  Lon- 
don, 1871,  vol.  liv.,  p.  279,  el  seq. 

In  this  very  interesting  paper,  Dr.  Ogle  discusses  most  of  the  theories  of 
dextral  preeminence,  and  gpres  some  very  carious  observations,  showing  that 
this  condition  exists  in  monkeys  and  parrots.  Most  monkeys,  he  found,  used 
the  members  of  the  right  side  by  preference,  while  a  few  were  distinctly  left- 
handed. 

4  New  York  Medical  Journal,  1872,  voL  xv.,  p.  279. 
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that  the  arteries  going  to  the  left  Bide  are  usually  larger  than 
those  on  the  right.  There  were  no  observations  with  regard 
to  the  comparative  size  of  the  arteries  upon  the  two  sides  in 
left-handed  persons. 

Seasoning  from  the  facts  just  stated,  Dr.  Ogle  conceives 
that  dextral  preeminence  depends  upon  a  natural  predomi- 
nance of  the  left  side  of  the  brain,  the  reverse  obtaining  in 
the  left-handed.  This  view  seems  to  afford  the  most  rational 
explanation  of  dextral  preeminence.  It  is  generally  true  that 
the  members  on  the  right  side  are  stronger  than  the  left,  par- 
ticularly the  arm ;  but  this  is  not  always  the  case,  even  in 
the  right-handed.  A  not  inconsiderable  practical  experience 
in  athletic  exercises  has  led  us  to  observe  that  the  right  hand 
is  more  conveniently  and  easily  used  than  the  left,  from  which 
fact  we  derive  the  term  dexterity ;  but  that  the  left  arm  is 
often  stronger  than  the  right.  In  many  feats  of  strength, 
the  left  arm  appears  less  powerful  than  the  right,  because  we 
have  less  command  over  the  muscles.  As  a  single  illustration 
of  this,  we  may  mention  the  feat  of  drawing  the  body  up 
with  one  arm,  which  requires  unusual  strength,  but  very  lit- 
tle dexterity.  In  a  number  of  right-handed  persons,  we  find 
many  who  perform  this  feat  more  easily  with  the  left  arm, 
and  not  a  few  who  can  accomplish  it  with  the  left  arm  and 
not  with  the  right.  When  we  come  to  the  cause  of  the  su- 
perior development  of  the  left  side  of  the  brain,  we  must 
confess  that  the  anatomical  explanation  is  not  entirely  satis- 
factory. We  can  only  say  that  the  two  sides  of  the  brain 
are  generally  not  exactly  equal  in  their  development,  the 
left  side  being  usually  superior  to  the  right,  and  that  we  or- 
dinarily use  the  muscles  of  the  right  side  of  the  body  in  pref- 
erence to  those  on  the  left  side. 

Development  after  Bvrik^  Ages,  and  Death. 

When  the  child  is  born,  the  organs  of  special  sense  and  the 
intelligence  are  dull ;  there  is  then  very  little  muscular  power ; 
and  the  new  being,  for  several  weeks,  does  little  more  than 
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eat  and  sleep.  The  natural  food  at  this  time  is  the  milk  of 
the  mother,  and  the  digestive  fluids  do  not,  for  6ome  time, 
possess  the  varied  solvent  properties  that  we  find  in  the  adult, 
though  observations  upon  the  secretions  of  the  infant  are  few 
and  rather  unsatisfactory.  The  full  activity  of  pulmonary 
respiration  is  gradually  and  slowly  established.  Young  ani- 
mals appropriate  a  comparatively  small  quantity  of  oxygen, 
and,  just  after  birth,  present  a  much  greater  power  of  resist- 
ance to  asphyxia  than  the  adult.1  The  power  of  maintain- 
tag  ft.  JJTfp.*,  i.  *.  mJL.  ta  «.  newlj- 
born.'  The  process  of  ossification,  development  of  the  teeth, 
etc.,  have  already  been  considered.*  The  hairs  are  shed  and 
replaced  by  a  new  growth  a  short  time  after  birth.4  The 
fontanelles  gradually  diminish  in  size  after  birth,  and  are 
completely  closed  at  the  age  of  about  four  years. 

The  period  of  life  which  dates  from  birth  to  the  age  of  two 
years  is  called  infancy.  At  the  age  of  two  years,  the  transi- 
tion takes  place  from  infancy  to  childhood.  The  child  is  now 
able  to  walk  without  assistance,  the  food  is  more  varied,  and 
the  digestive  operations  are  more  complex.  The  special 
senses  and  the  intelligence  become  more  acute,  and  the  being 
begins  to  learn  how  to  express  ideas  in  language.  The  child 
gradually  develops,  and  the  milk-teeth  are  replaced  by  the 
permanent  teeth.  At  puberty,  which  begins  at  from  the 
fourteenth  to  the  seventeenth  year,  a  little  earlier  in  the  fe- 
male, the  development  of  the  generative  organs  is  attended 
*ith  important  phyrical  and  moral  changes. 

The  different  ages  recognized  by  the  older  writers  were 
as  follows :  Infancy,  from  birth  to  the  age  of  five  years ;  ado- 
lescence, or  youth,  to  the  twenty-fifth  year;  adult  age,  to  the 
thirty-fifth  year ;  middle  life,  to  the  fiftieth  year ;  old  age,  to 
the  sixtieth  year ;  and  then,  extreme  old  age.  A  man  may  be 
regarded  at  his  maximum  of  intellectual  and  physical  devel- 

1  See  vol.  i.,  Respiration,  pp.  420,  490. 

*  See  toL  iil,  Animal  Heat,  p.  405.  '  See  pages  898,  416. 

4  Kollikxh,  HZement*  d'hutologU  kumaine,  Paris,  1868,  p.  180. 
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opment  at  about  the  age  of  thirty-five,  and  he  begins  to  de- 
cline after  the  sixtieth  year,  although  such  a  rule,  as  regards 
intellectual  vigor,  would  certainly  meet  with  numerous  ex- 
ceptions. 

We  do  not  propose  to  consider,  in  this  connection,  the 
psychological  variations  which  occur  at  different  ages,  but,  as 
regards  the  general  process  of  nutrition,  it  may  be  stated,  in 
general  terms,  that  the  appropriation  of  new  matter  is  a  little 
superior  to  disasshnilation  up  to  about  the  age  of  twenty-five 
years;  between  twenty-five  and  forty-five,  theee  two  processes 
are  nearly  equal ;  and,  at  a  later  period,  the  nutrition  does  not 
completely  supply  the  physiological  waste  of  the  tissues,  the 
proportion  of  organic  to  inorganic  matter  gradually  dimin- 
ishes, and  death  follows,  as  an  inevitable  consequence  of 
life.  In  old  age,  the  muscular  movements  gradually  become 
feeble;  the  bones  contain  an  excess  of  inorganic  matter;  the 
ligaments  become  stiff ;  the  special  senses  are  usually  obtuse ; 
and  there  is  a  diminished  capacity  for  mental  labor,  with 
more  or  less  loss  of  the  memory  and  of  intellectual  vigor. 
It  is  a  curious  fact  that  remote  events  are  more  clearly  and 
easily  recalled  to  the  mind  in  old  age,  than  those  of  recent 
occurrence ;  and,  indeed,  early  impressions  and  prejudices 
then  appear  to  be  unusually  strong. 

It  frequently  happens,  in  old  age,  that  some  organ  essen- 
tial to  life  gives  way,  and  that  this  is  the  immediate  cause  of 
death ;  or  that  an  old  person  is  stricken  down  by  some  dis- 
ease to  which  his  age  renders  him  peculiarly  liable.  It  is  so 
infrequent  to  observe  a  perfectly  physiological  life,  continu- 
ing throughout  the  successive  ages  of  man,  that  it  is  almost 
impossible  to  present  a  picture  of  physiological  death ;  but 
we  sometimes  observe  a  gradual  fading  away  of  vitality  in 
old  persons,  who  die  without  being  affected  with  any  spe- 
cial disease.  It  is  also  difficult  to  fix  the  natural  period 
of  human  life.  Some  persons  die,  apparently  of  old  age, 
at  seventy,  and  it  is  rare  that  life  is  preserved  beyond  one 
hundred  years.    In  treating  of  the  so-called  vital  point,  we 
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have  stated  that  there  does  not  seem  to  be  any  such  occur- 
rence, except  under  conditions  of  most  extraordinary  external 
violence,  as  instantaneous  death  of  all  parts  of  the  organism.1 
If  we  confine  ourselves  to  physiological  facts,  we  cannot  ad- 
mit the  existence  of  a  single  Vital  principle  which  animates 
the  entire  organism.  Each  tissue  appears  to  have  its  peculiar 
property,  dependent  upon  its  exact  physiological  constitution, 
which  we  call  vitality ;  a  term  which  really  explains  nothing. 
The  tissues  usually  die  successively,  and  not  simultaneously, 
nearly  all  of  them  being  dependent  upon  the  circulating, 
oxygen^canying  blood  for  the  maintenance  of  their  physio- 
logical  properties.  It  has  been  demonstrated,  indeed,  that 
the  so-called  vital  properties  of  tissues  may  be  restored,  after 
apparent  death,  by  the  injection  of  blood  into  their  vessels.* 
After  death,  there  is  often  a  discharge  of  the  contents  of 
the  rectum  and  bladder,  and  parturition,  even,  has  been  known 
to  take  place.'  The  appearance  which  indicates  growth  of 
the  beard  is  probably  due  to  shrinking  of  the  skin  and,  per- 
haps, contraction  of  the  smooth  muscular  fibres  attached  to 
the  hair-follicles.  The  most  important  phenomenon,  how- 
ever, which  is  observed  before  putrefaction  begins,  is  a  gen- 
eral rigidity  of  the  muscular  system. 

Cadaveric  Rigidity. — At  a  variable  period  after  death, 
ranging  usually  from  five  to  seven  hours,  all  of  the  muscles 
of  the  body,  involuntary  as  well  as  voluntary,  become  rigid, 
and  can  only  be  stretched  by  the  application  of  considerable 
force.    Sometimes,  especially  after  long-continued  and  ex- 

1  See  voL  iv.,  Nervous  System,  p.  410. 

'  In  vol.  i.,  Blood,  p.  99,  we  have  cited  a  curious  experiment  by  Brown- 
Se'quard,  in  which  blood  was  passed  from  a  living  dog  into  the  carotid  of  a  dog 
just  dead  from  peritonitis.  The  animal  was  so  far  revived  as  to  sustain  himself 
on  his  feet,  wag  his  tail,  etc.,  and  died  a  second  time,  twelve  and  a  half  hours 
after.  In  this  experiment,  insufflation  was  employed  in  addition  to  the  transfu- 
sion. In  cases  of  death  from  haemorrhage,  it  is  well  known  that  life  may  be 
brought  back,  as  it  were,  by  artificial  restoration  of  the  blood. 

*  Stmonds,  Cyclopedia  of  Anatomy  and  Physiology,  London,  18S&-18S6,  voL 
L,  p.  804,  Article,  Death. 
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hausting  diseases,  this  rigidity  appears  as  soon  as  a  quarter  of 
an  hour  after  death.  In  the  case  of  persons  killed  suddenly, 
while  in  foil  health,  it  may  not  be  developed  until  twenty  er 
thirty  hours  after  death,  and  continues  for  six  or  seven  days.1 
Its  average  duration  is  from  twenty-four  to  thirty-rix  hours; 
and,  as  a  rule,  it  is  more  marked  and  lasts  longer,  the  later 
it  appears.  In  warm  weather,  cadaveric  rigidity  appears 
early  and  continues  for  a  short  time.  When  the  contraction 
is  overcome  by  force,  after  the  rigidity  has  been  completely 
established  and  has  continued  for  some  time,  it  does  not  re- 
appear. The  rigidity  of  the  muscular  system  extends  to  the 
muscular  coats  of  the  arteries  and  the  lymphatics.1  It  is  for 
this  reason  that  the  arterial  system  is  usually  found  empty 
after  death.'  The  rigidity  first  appears  in  the  muscles  which 
move  the  lower  jaw ;  then,  according  to  the  observations  of 
Nysten,  it  is  noted  in  the  muscles  of  the 'trunk  and  neck, 
extends  to  the  arms,  and  finally,  to  the  legs,  disappearing  in 
the  same  order  of  succession.4  The  stiffening  of  the  muscles 
is  due  to  a  sort  of  coagulation  of  their  substance,  analogous 
to  the  coagulation  of  the  blood,  and  is  probably  attended  with 
some  shortening  of  the  fibres ;  at  all  events,  the  fingers  and 
thumbs  are  generally  flexed.  That  the  rigidity  is  not  due  to 
coagulation  of  the  blood,  is  shown  by  the  fact  that  it  occurs 
in  animals  killed  by  hemorrhage. 

According  to  John  Hunter,  the  blood  does  not  coagulate 
nor  do  the  muscles  become  rigid  in  animals  killed  by  light- 
ning or  hunted  to  death ;  *  but  it  is  a  question,  in  these  in- 

1  Symonds  (he.  cit.)  observed  rigidity  in  the  body  of  a  criminal  executed  by 
hanging,  eight  days  after  death,  but  had  no  opportunity  of  ascertaining  at  what 
time  it  commenced. 

'  Magendie,  Preei*  ilSmentaire  de  physiologic,  Paris,  1886,  tome  ii„  p.  225. 

*  See  vol.  L,  Phenomena  in  the  Circulatory  System  after  Death,  p.  851. 

Parry,  in  his  experiments  published  in  1816,  noted  contraction  in  the  arte- 
ries after  death.  (Parry,  An  Experimental  Inquiry  into  the  Nature,  Cause,  and 
Varieties  of  the  Arterial  Pulse,  London,  1816,  pp.  16,  46.) 

4  Nysten,  Recherche*  de  pkysiologie,  Paris,  1811,  p.  886. 

*  Hunter,  Lecture*  on  the  Principle*  of  Surgery,  Philadelphia,  1889,  p.  85. 
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stances,  whether  the  rigidity  does  not  begin  very  soon  after 
death  and  continue  for  a  brief  period,  so  that  it  may  escape 
observation.  This  is  the  view  entertained  by  Brown-S6<juard, 
who  has  made  numerous  experiments  on  this  point.1  As  a 
role,  rigidity  is  less  marked  in  very  old  and  in  very  young 
persons  than  in  the  adult.  It  occurs  in  paralyzed  muscles, 
provided  they  have  not  undergone  extensive  fatty  degenera- 
tion. 

Under  ordinary  conditions  of  heat  and  moisture,  as  the 
rigidity  of  the  muscular  system  disappears,  the  processes' of 
putrefaction  commence.  The  various  tissues,  with  the  ex- 
ception of  certain  parts,  such  as  the  bones  and  teeth,  which 
contain  a  large  proportion  of  inorganic  matter,  gradually  de- 
compose, forming  water,  carbonic  acid,  ammonia,  etc.,  which 
pass  into  the  earth  and  the  atmosphere.  The  products  of  de- 
composition of  the  organism  are  then  in  a  condition  in  which 
they  may  be  appropriated  by  the  vegetable  kingdom. 

1  Brown-S£qu±rd,  Relation*  entre  TirrttabUiU  musculairt,  la  rigidiU  cadavS- 
rique  et  la  putr&f action. — Journal  de  la  phyriobgie,  Paris,  1861,  tome  iv.,  p.  271, 
etieq. 
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Abdominal  plates, 391,  405,  411 

Accommodation,  visual, 64,  104 

theories  of, 105 

range  of, 106 

changes   of  the    crystalline 

lens  in, 106 

—  action  of  the  ciliary  muscle  in,  107 

mechanism  of, 108 

changes  of  the  iris  in, 108 

—  in  the  lensless  eye, 110 

auditory, 208 

Additional  tones, 187 

Adolescence, 459 

Adult  age, 459 

JSsthesiometer, 19 

Ages, 459 

AUantois,  development  of  (see  cho- 
rion),.  868,  872 

villoattiesof, 868 

Amnion,  formation  of, • .  861 

villosities  of; 368 

— -  enlargement  of, 370 

Amniotic  fluid, *  365 

—  origin  of; 866 

—  property   of,  of  preserving 
dead  tissues, 866 

Ampullae  of  the  semicircular  ca- 
nals,   214 

Angle  alpha, 71 

Anosmia, 82 

Anus,  development  of, 408 

imperforate, 408 

Aorta,  abdominal,  first  appearance 
of, 891 

—  development  of, 432 

Aortte,  primitive, 890,  481 

Aortic  arches, 481 

Aphasia,  relations  of  facts  observed 

in,  to  dextraJ  preeminence,. . .    457 


Appendix   vermiformia,    develop- 
ment of, 406 

Aqueduct  of  Sylvius,  development 

of, 402 

Aqueous  humor, 64 

Arachnoid,  first  appearance  of,. . .  898 

Area  pellucida  of  the  ovum, 858 

Area  vasculosa, 430 

Arterial  system,  development  of,.  432 

Astigmatism, 98 

Audition,  general  mechanism  of, . .  146 

summary  of  mechanism  of; . .  229 

Auditory  apparatus,  divisions  of,.  152 
Auditory  nerves,  physiological  anat- 
omy of, 147 

general  properties  of; 148 

action  of  galvanism  upon,. . .  149 

development  of; 403 

Auditory  vesicle, 402 

Azygos  veins,  development  of,. . .  434 

Bacillar  membrane, .    56 

Bartholinus,  glands  of, 886 

Beats,  a  cause  of  dissonance, 191 

Binocular  fusion  of  colors, 126 

Binocular  vision, 117 

Bladder,  formation  of, 873,  405 

Blastodermic  cells, 357 

Blastodermic  layers,... .  359,  387,  389 
Blastodermic  layer,  vascular  (so 

calledX 480 

Blepharoptosis, 140 

Blind  spot  of  the  retina, 87,  90 

Blood-corpuscles,  development  of,  429 

structure  of,  in  the  foetus,.. .  429 

Blood-vessels,  development  of, . . .  429 

Botal,  foramen  of, .* 486,  442 

Brain,  comparative  size  of  the  right 

and  the  left  side  of, 457 
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Branchial  vascular  arches,  411, 482, 483 
Bronchi,  development  of, 410 

Cadaveric  rigidity, 461 

in  animals  kiUedJsy  lightning 

or  hunted  to  death, 462 

Caecum,  development  o£ 406 

Canalis  reunions, 214 

Canals  of  Cuvier, 484 

Caput  coli,  development  of; 406 

Cardinal  veins, 434 

Carotid  arteries,  development  o£    432 

Caruncula  lacrvmalis, 141 

Caspar  Hauser,  case  o£ 121 

Cerebellum,  development  o£.  400,  401 

Cerebral  vesicles, 899 

Cerebrum,  development  of, . .  399,  401 

Cerumen, 154 

Chambers  of  the  eye, 52,  65 

Chiasm  of  the  optic  nerves, 89 

Chick,  different  stages  of  develop- 
ment of, 389 

Childhood, 459 

Cholesterme,m  the  crystalline  lens,    68 

in  the  meconium, 409,  455 

as  an  excretion,  in  the  foetus,  455 

Chorda  dorsalis, 890,  898 

Chorda  tympani  nerve, 235 

Chorion,  permanent, 368 

villositiesof; 869 

Choroid, 48 

Chromatic  aberration, 82 

correction  of^ 83 

Ciliary  muscle  (ciliary  ligament), .     60 
action    of,    in    accommoda- 
tion,   107 

Ciliary  processes, 49 

Cilio-spinal  centres, 102 

Circulation,  first,  or  vitelline, 430 

first  appearance  of, 481 

—  second,  or  placental, 432 

in  the  foetus, 436 

third,  or  adult, 441 

Circulatory  system,  development  of,  428 

Cleft  palate, 416 

Clitoris, 287 

Cloaca, 405,427 

Cochlea, 165,  214 

canal  of, 216 

functions  of, 225 

Coitus, 331 

Color-blindness, 76 

Colors,  binocular  fusion  of, 126 

—  complementary, 75 

theory  of  the  perception  of, .     76 
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Conception  at  unusually  early  and 

advanced  ages, 300 

Cone-fibre  plexus, 68 

Cones  (see  rods  and  cones), 56 

Conjunctiva, 141 

Consonance  (see  tones  by  influ- 
ence),   192 

Cornea, 46 

refraction  by, 91 

—  development  of, 402 

Corpora  striata,  development  o£. .  401 

Corpus  Highmorianum, 816 

Corpus  luteum, 807 

of  menstruation, 808 

of  pregnancy, 809 

Corresponding  retinal  points,. . . .  119 

Corti,  membrane  of, 215 

ganglion  of; 220 

canal  of, 220 

pillars  of, 221 

organ  of, 220,  227 

Cotugno,  humor  of, 218 

Cowper,  glands  of, 822 

Cremaster  muscle, 814,  423 

Crystalline  (proximate  principle), .     63 

Crystalline  lens, 60 

capsule  of, 61 

stars  of, 62 

composition  of, 63 

—  suspensory  ligament  o£ 63 

refraction  by, 91 

changes  of,  in  accommoda- 
tion,  106 

development  of, 402 

Cumulus  proligerus, 277 

Curling  arteries  of  the  placenta,  380, 385 

Cuvier,  canals  of, 434 

Cyanosis  neonatorum, 442 

Dacryoline, 145 

Daltonism, 76 

Dartos, 814 

Death,  physiological, 460 

contraction  of  muscles  after,  461 

apparent  growth  of  beard  af- 
ter,  461 

parturition  after, 461 

restoration  of  life  after,  by 

transfusion  and  artificial  respi- 
ration,  461 

putrefaction  after, 463 

Decidua, 873 

fatty  degeneration  of,  as  a 

cause  of  parturition, 453 

serotina, 383 
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Dental  bulbs, 417 

Dental  follicles, 417 

Dentine,  development  of,. 417 

Descemet,  or  Demours,  membrane 

of; 47 

Development  after  birth, 468 

of  the  chick,  different  stages 

of, 889 

Dextral  preeminence, 456-468 

Diaphragm,  development  of, 408 

Diaphragmatic  hernia,  congenital,.  408 
Digestive  fluids,  not  secreted  during 

intra-uterine  life, 409, 466, 459 

Discords, 190 

Discus  proligerus, 277 

Dissepiments  of  the  placenta,. . . .  883 

Dorsal  plates, 890 

Ductus  arteriosus, 482,  438, 442 

Ductus  venosus, 484,  448 

Dura  mater,  first  appearance  of,. .  898 

Ear,  bones  of  (see  ossicles),..  157,  200 

external, ...  152,  196 

muscles  of, 158 

middle, 154 

muscles  of, 158 

internal, 218 

development  of, 403 

Ejaculatory  ducts, 821 

Embryon,  primitive  trace  of, .  858,  859 
development  of,  and  distinc- 
tion of;  from  the  foetus,. . .  887,  388 

Embryonic  spot, 858 

Enamel  organ,  development  of,.. .  417 

Endolymph, 218 

Epidermis,  first  appearance  of, . . .  897 

Epididymis, 815,  817 

development  of,. 422 

Epiglottis,  development  of,. .... .  414 

Epithelial  band  for  the  develop- 
ment of  the  teeth, 417 

Erection,  in  the  male, 834 

in  the  female, 336,  888 

of  the  uterus, 284 

Eustachian  tube, 159 

dilator  muscle  of. 160 

development  of, 412,  413 

Eustachian  valve, 486,  442 

External  auditory  meatus,. . .  154,  196 

development  of; 412,  413 

Eye,  considered  as  an  optical  in- 
strument,      70 

formation  of  images  in, 84 

—  shadows  of  the  retinal  vessels,  85 
simple,  schematic, 92 
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Eyeball,  physiological  anatomy  of,    44 

—  form  and  dimensions  of,. ...    45 

summary  of  the  anatomy  of,.     66 

movements  of, 129 

muscles  of, 180 

axes  of  rotation  of, 181 

protrusion  and  retraction  of,  182 

extent  of  rotation  of, 188 

parts  for  the  protection  of, . .  138 

development  of; 402 

Eyelashes, 189 

Eyelids, 188 

muscles  of, 189 

—  development  and  time  of  sep- 
aration of, 402 

Face,  development  of, 411 

Facial  nerve,  paralysis  of,  with  loss 

of  taste,... 286 

•Fallopian  tubes, 2Q5 

development    of;  from    the 

ducts  of  Miiller, 421,  422,  428 

Fecundation, 881 

action  of  the  male  in, 882 

action  of  the  female  in, 835 

—  situation  of, 842 

mechanism  of, 844 

—  union  of  the  male  with  the 
female  element  of  generation, . .  351 

artificial, 851 

penetration  of  spermatozoids 

through  the  vitelline  membrane,  852 
Female  organs  of  generation  (see 

generation), 265 

Fenestra  ovans, 1 . . . .  156,  164 

Fenestra  rotunda, 156,  165,  214 

fifth  nerve,  paralysis  of;  without 

loss  of  taste, 287 

Kla  acustica, 219 

fishes,  circulatory  system  of;. . . .  483 
Flavors,  distinguished  from  true 

tastes, 238 

Foetus,  influence  of  the  maternal 

mind  upon, 850 

movements  of; 404 

respiratory  efforts  of,. .  404,  441 

relative  development  of  the 

upper  and  lower  portions  of,. . .  439 
size,  weight,  etc.,  of,  at  differ- 
ent stages  of  development,  448-450 

position  of,  in  utero,....  460,  461 

urine  of, 454 

Foramen  ovale  of  the  heart,.  485,  442 

Fossa  ovalis, 442 

Fovea  cardiaca, 481 
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Fovea  hemispherica, 164 

Free-martin,  description  of,..  SOS,  850 
Frontal  process,  development  of; 

412, 41S 

Generation,  general  considerations,  254 

sexual, 258 

spontaneous,  so  called,  ....  258 

of  insects, 259 

—  of  infusoria, 250 

— —  female  organs  of, 265 

—  general  arrangement  of  fe- 
male organs  of; 268 

—  external  female  organs  of;. .  287 
male  organs    and  elements 

of; sis 

—  male  elements  of; 822 

—  development  of  the  organs 

Of; 420,425,426 

—  malformations  of  the  organs 

of, 427 

Genito-spinal  centre, 819 

Genito  -  urinary  system,  develop- 
ment of,  420,425 

Germinal  vesicle  and  spot, 291 

disappearance  of, 854 

Giraldes,  organ  of; 819 

Glossopharyngeal  nerve, 240 

physiological  anatomy  of,. . .  241 

—  general  properties  of; 248 

relations  of,  to  gustation, . . .  245 

Graafian  follicles, 272 

coats  of; 277 

liquidof, 277 

—  macula  of, 292 

—  changes  of,  after  their  rup- 
ture (Bee  corpus  luteum), 807 

Gubernaculum  testis, 422 

.Gustation, 232 

relations  of,  to  olfaction,.  35,  232 

nerves  of, 284,  239 

— —  relations  of  the  chorda  tym- 

pani  to, 235 

loss  of;  in  facial  paralysis, . .  236 

—  persistence  of,  in  paralysis  of 
the  fifth  nerve, 287 

relations  of  the  glossopha- 
ryngeal to, 245 

—  variations  of,  in  different 
parts  of  the  gustatory  mem- 
brane,  246 

—  mechanism  of; 247 

organs  of, 248 

Hair-cells  of  the  cochlea, 228 


;  Hairs,  first  appearance  of^ 397 

Haller,  vas  aberrans  of;. 318 

i  Hamulus  of  the  cochlea^ 215 

Hare-lip, 415 

|  Harmonics, 180,182 

;  Harmony, 168,  188 

Heart,  formation  of  the  interven- 
tricular septum  of; 432,  435 

development  of; 435 

formation  of  the  inter-auricu- 
lar septum  of; 435 

—  foramen  ovale  of; 485,  442 

relative  size  of;  in  the  foetus,  486 

hypertrophy  of;  during  preg- 
nancy,   445 

Hemiopsia, 41 

Hermaphroditism, 428 

Hernia,  congenital  diaphragmatic,  408 

inguinal, 427 

umbilical,  in    intra  -  uterine 

life, 406 

Horner,  muscle  of; 139 

Horopter, 120 

Hyaloid  membrane, 65 

Hydatids  of  Morgagni, 315 

Hyoid  bone,  development  of, .  412,  414 

Hypogastric  arteries, 432,  442 

Hypospadias, 427 

Heo-cttcal  valve,  development  of;.  407 

Iliac  veins,  development  of, 434 

Incisor  processes  and  teeth,  devel- 
opment of; 413 

Incus, 157 

—  development  of, 411 

Infancy, 459 

Inferior  maxilla,  development  of,.  412 

Infundibuliform  fascia, 814 

Infusoria,  generation  of; 260 

Insects,  generation  of; 259 

Intercolumnar  fascia, 314 

Intermaxillary  process,    develop- 
ment of, 412,413 

Intestinal  canal,  first  appearance 

of; 891,405 

development  of, 405 

Intestinal  villi,  development  of,.. .  407 

51 

muscular  fibres  of, 58 

blood- vessels  of,. 53 

—  nerves  of, 53 

—  movements  of, 96 

—  direct  action  of  light  upon,. .     97 

—  action  of  the  nervous  system 
upon, \  '. .   . .     98 
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Iris,  nervt-centres  presiding  over 
the  movements  of, 101 

—  consensual  contraction  of, .  •  102 
changes  in,  in  accommoda- 
tion,   108 

development  of, 402 

Irradiation, 128 

Ivory,  development  of, 417 

Jacob's  membrane, 56 

Jugular  veins,  development  of, .. .  485 

Kidneys,  development  o£ 424 

relative  size  o£  in  the  foetus,  424 

Krause,  terminal  bulbs  of, 142 

Labia,  development  of, 427 

Labyrinth,  general  arrangement  of,  168 

—  membranous, 218 

ligaments  of^ 214 

distribution  of  nerves  in,. . .  218 

development  of, 408 

Lachrymal  gland, 142 

Lachrymal  fluid, 144 

Lachrymal  sac  and  duct, 148 

Lachrymine, 145 

Lactation,  influence  o£  upon  ovu- 
lation and  menstruation, 454 

Lamina  cribrosa,. 42 

Lamina  spiralis,. . . .. 165,  215 

Larynx,  development  of, ... .  412,  414 

Laxator  tympani, 158 

Left-handedness, 456 

Lenses  (see  refraction), 77 

Leucocytes,  development  of^ 429 

Life,  duration  of, 461 

Ligamentum  iridis  pectinatum,.  47,  52 

light,  theories  of, 78 

rate  of  propagation  of, 78 

velocity  of  different  colored 

rays  of, 74 

length  of  waves  of, 74 

—  analysis  of, 75 

Iambus  laminae  spiralis, 215 

Lips,  development  of, 413 

Littre,  glands  of, 822 

Liver,  development  of, 408 

relative  weight  of,  at  different 

periods  of  life, 409 

circulation  in, 434 

Lochia, 454 

Locomotor  ataxia, 15 

Lungs,  development  of, 410 

Macula  acustica, 214 
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Macula  folliculi, 292 

Macula  lutea, 55 

Male  organs  and  elements  of  gen- 
eration,   813 

Male  elements  of  generation,. . . .  822 

Malleus, 157 

development  ofi 411 

Mariotte,  experiment  of, 87 

Meckel,  cartilage  of, 408,  413 

Meconium, 409,  455 

Mediastinum  testis, 815 

Medulla   oblongata,  development 

of, 400,  401 

Meibomian  glands, 189 

Melody, 167,  177 

Membrana  basilaris  of  the  cochlea,  215 

Membrana  fusca, 48 

Membrana  granulosa, 277 

Membrana  media, 865 

Membrana  tectoria,. .« 215 

Membrana  tympani,  structure  of;..  197 

cone  of  light  in, 199 

uses  of; 199 

artificial, 199 

voluntary  tension  of; 201 

loss  of, 205 

position  of,  in  persons  with  a 

musical  ear,. 207 

Meniere's  disease, 225 

Menstruation,  relations  of;  to  ovu- 
lation,    295 

analogy  of,  with  rut  in  the  in- 
ferior animals, 298,  296,  801 

in  monkeys, 802 

—  phenomena  of; 802 

after  extirpation  of  the  ova- 
ries,   308. 

different  stages  of; 804 

characters  of  the  flow, 805 

influence  of,  upon  the  elimi- 
nation of  urea,  the  pulse,  and 
the  temperature, 306 

—  changes  of  the  uterine  mu- 
cous membrane  in, 806 

arrest  of,  during  lactation, . .  454 

Mery,  glands  of, 822 

Mesentery,  development  of, 407 

Micropyle, 290,  352 

Middle  ear, 154 

Modiolus  of  the  cochlea, 215 

Monocular  vision, 122 

Monsten,  conjoined, 452 

Morgagni,  hydatids  of, 815 

Mouth,  development  of, 412 

Muller,  ducts  of, 421,  422 
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Muller,  development  of  the  ducts  of, 
into  the  Fallopian  tubes,  421, 422, 423 

Muscles  of  the  eyeball, 130 

general  action  of, 132 

—  associated  action  of, 185 

Muscles  of  the  eyelids, 139 

Muscles  of  the  middle  ear, 158 

Muscular  sense,  so  called, 15 

Muscular  system,  development  o£  397 

Music,  early  history  o( 168 

Musical  scale, 176 

Musical  keys, 177 

Musical  intervals, 178 

Musical  quality, 179 

Naboth,  ovules  of, 288 

Nails,  first  appearance  of, 397 

Nares,    separation    of,  from    the 

mouth, 416 

separation  of,  from  each  oth- 
er,  .. 416 

Nasal  fossae, 25 

development  of, .  416 

Nerves,  development  o£ 398 

Nervous  system,  development  of, .  898 

functions  of,  in  the  foetus,., .  404 

Neural  canal, 360,  890, 898 

Nodal  lines  in  vibrating  plates,.. .  194 

Nodes  in  vibrating  strings, 185 

Noise,  as  distinguished  from  sound,  171 

Nose,  development  of, 418,  414 

Notocorde, 898 

Nutrition,  variations  in,  at  differ- 
ent ages, 460 

Oblique  muscles  of  the  eye,  action 

of, 184 

(Esophagus,  development  of, 408 

Oken,  bodies  of  (see  Wolffian  bod- 
ies),  420 

Old  age, 459 

Olfaction, 25 

membrane  endowed  with  the 

sense  of, 26 

loss  of,  after  destruction  of 

the  olfactory  nerves  or  bulbs, . .     80 

mechanism  of, 83 

distinction  between  odorous 

impressions  and  those  which  af- 
fect general  sensibility, 83 

relations  of,  to  gustation,  85,  232 

•Olfactory  bulbs, 28 

Olfactory  cells, 28 

^Olfactory  lobes,  nerves,  and  com- 
missures, development  of, ... ...  403 


Olfactory    nerves,     physiological 

anatomy  of, 27 

general  properties  of, 29 

insensibility  of,  to  ordinary 

impressions, 29 

Omentum,  development  of, 407 

Omphalomesenteric  canal, 867 

Omphalomesenteric  vessels,  867, 

431,  434 

Optic  commissures, 39 

Optic  nerves,  physiological  anat- 
omy of, 38 

general  properties  of, 48 

insensibility  o£  to  ordinary 

impressions, '    48 

expansion  of,  in  the  retina,. .     59 

Optic    thalami,  development    of, 

899,  401 

Optic  tracts, 39 

Optic  vesicles, 402 

Ora  serrata, 55 

Orbit, 188 

Orgasm,  venereal, 335,  886,  840 

Ossicles  of  the  ear, 157,  200 

mechanism  of, 209 

articulations  of, 209 

development  of, 408 

Otoliths,  or  otoconia, 214 

Ova,  primordial, 274,  289 

Ovarian  tubes, 274 

Ovaries, 269 

formation  of  the  ligaments 

of, 428 

Overtones, 182 

Ovulation,  independent  of  coitus, .  294 
relations  of,  to    menstrua- 
tion,  295 

arrest  of,  during  lactation, . .  454 

Ovules  of  Naboth, 288 

Ovum  and  ovulation, 288 

Ovum,  structure  of, 289 

vitelline  membrane, 289 

vitellus, 290 

germinal  vesicle  and  spot, . .  291 

discharge  of, 292 

passage  of,  into  the  Fallo- 
pian tubes, 296 

passage  of,  from  an  ovary 

into  the  Fallopian  tube  of  the 

opposite  side, 299 

disappearance  of  the  germi- 
nal vesicle, 354 

passage  of,  into  the  uterus, 

after  fecundation, 858 

villoaities  of, 868 
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Palatine  arch,  development  of, . .  •  416 

Pancreas,  development  of, 409 

Papilla  of  the  tongue, 249 

Parovarium, 278,  422 

Parturition,  causes  of, 452 

•w —  premature,  induced  by  arti- 
ficial means, 452 

reflex  action  in, 453 

arrest  of  hemorrhage  after, 

886,  458 

after  death, 461 

Penis,  development  of, 427 

Pharynx,  development  of, 407 

Pia  mater,  first  appearance  of, . . .  898 

Pia  mater  testis, 316 

Pitch  (see  sound), 173 

Pituitary  membrane, 25 

Placenta,  development  of,....  361,  877 
time  of  limitation  of, 870 

—  maternal  portion  of, 878 

injection  of,  while  attached 

to  the  uterus, 879,881 

relations  of  the  festal  to  the 

maternal  portions  of, 379,  382 

curling  arteries  of, 880,  385 

structure  of, 888 

dissepiments  of, 383 

—  utricular  glands  of, 884 

blood-vessels  of, 384 

foetal  villi  of, 885 

separation  of,  in  parturition,  886 

— —  in  cases  of  twins, 451 

Placental  circulation,  development 

of, 432 

Pleuro-peritoneal  cavity,  first  ap- 
pearance of, 391 

Plicae  palmate, 283 

Plica  semilunaris, 141 

Polar  globule, 355 

Pons  varolii,  development  of,. . . .  400 

Portal  vein,  development  of, 434 

Pregnancy,  influence  of,  upon  sub- 
sequent fecundations, 346 

duration  of, 446-448 

multiple, 451 

—  Fallopian  and  abdominal,. . .  452 
Primitive  trace  of  the  embryon, 

858,  859 

Prisms,  refraction  by, 75 

Prostate, 821 

Prostatic  fluid, 821,  324 

Puberty, 800,  459 

Puberty  and  menstruation, 300 

Pulmonary  artery,  first  appearance 
of, 482,483 
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Pulmonary  circulation,  first  estab- 
lishment of,  at  birth, 441 

Puncta  lachrymalia, 148 

Punctum  cecum, 87,  90 

Pupil 51,402 

Pupillary  membrane, 54,  402 

Purkinje,  vesicle  of, 291 

Putrefaction  after  death, 463 

Quadrilateral  canal  of  the  cochlea,  220 

Recti  muscles  of  the  eyeball,  action 

of, 183 

Refraction  by  lenses, 77 

Refraction,  mechanism  of,  in  the 

eye, 89 

by  the  cornea  and  crystal- 
line lens, 91 

Reissner,  membrane  of, 215 

Resonators  of  Helmholtz, 184 

Respiration,  cause  of  first  effort 

of,  at  birth, 442 

Respiratory  efforts  before  birth, 

404,441 
Respiratory  system,  development 

of, 410 

Resultant  tones, 187 

Rete  testis, 816 

Retina, 54 

extent  and  thickness  of,. .  •  •     55 

ora  serrata, 65 

yellow  spot  of  (macula  lutea),    55 

layers  of, 55- 

rods  and  cones  of  (bacillar 

membrane,  or    Jacob's    mem- 
brane),  55,  56 

external  granule-layer  of,...    58 

—  inter-granule  layer  of  (cone- 
fibre  plexms), 58 

internal  granule-layer  of, ... .     58 

granular  layer  of, 58 

layer  of  ganglion-cells, 58 

expansion  of  the  optic  nerve,    59 

blood-vessels  of, 60 

comparative    sensibility    to 

light  of  different  portions  of,. . .     88 
Right-handedness  (see  dextral  pre- 
eminence),  456 

Rima  glottidis,  development  of,. . .  410 
Rosenmiiller,  organ  of, 278,  422 

Saccule  of  the  labyrinth, 214 

Savors, , 282 

Scale  of  the  cochlea, 215 

Scarpa,  humor  of, 218 
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Schlemm,  canal  of, 53 

Schneiderian  mucous  membrane, .     25 

Sclerotic, 45 

development  of, 402 

Scrotum, 814 

Sebaceous  follicles,  first  appear- 
ance of, 897 

Secondary    membrana    tympani, 

156,  165 

823 

in  advanced  age, 329 

—  ejaculation  of, 385 

Semicircular  canals,. 165,  214 

—  functions  of, 224 

—  development  of, 408 

Seminal  vesicles, 820,  827 

Seminiferous  tubes,  816 

—  structure  ofj  before  puberty,  327 
Septum  lucidum,  development  of,.  401 
Septum  transversum  of  the  semi- 

circular  canals, 219 

Serotina, 383 

Sex  of  offspring,  determination  of,  845 

Sexual  generation, 258 

Sexual    intercourse,    normal   fre- 
quency of, 833 

Sexual  orgasm,  in  the  male, 835 

in  the  female, 336,  340 

Sight  (see  vision), 87 

Sinus  terminalis  of  the  area  vascu- 

losa, 430 

Siren,  mechanism  of, 174 

Skeleton,  development  of, 893 

ossification  of; 896 

Skin,  first  appearance  of, 897 

Skull,  development  and  ossifica- 
tion of, 895 

Smell  (see  olfaction), 25 

Sommerring,  yellow  spot  of; 55 

Sound,  physics  of, 166 

—  laws  of  vibrations  of, 169 

vibrations  of,  invacuo^ 169 

—  intensity  of, 170 

reflection  and  refraction  of, .   171 

as  distinguished  from  noise,.  171 

pitch  of, 173 

range  of  vibrations  of,  in  mu- 
sic,  174 

— —  quality  of, 179 

harmonics,  or  overtones,. . . .  182 

two  sounds  producing  silence,  190 

Special  senses,  general  characters 

of, 12 

Spermatic  cord, 314 

Spermatozoids, 825 
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Spermatozoids,  intermediate  seg- 
ment of, 326 

influence  of  reagents,  cold, 

etc.,  upon  the  movements  o£ . . .  326 

development  oC, 828 

mechanism  of  the  penetration 

of,  into  the  uterus, 337 

course  of,  through  the  female 

generative  passages, 841 

passage  of,  through  the  vitel- 
line membrane, 852 

passage  of,  through  a  delicate, 

animal  membrane, 853 

number  of,  necessary  for  fe- 
cundation,   353 

Spherical  aberration, 80 

partial  correction  of,  by  the 

iris, 81 

correction  of,  in  compound 

lenses, 82 

Spina  bifida, 895 

Spinal  cord,  development  of; 898 

central  canal  of, 398 

Spiral  canal  of  the  cochlea,. .  165.  215 

Spleen,  first  appearance  of, 409 

Spontaneous  generation,  so  called,  258 

Stapedius  muscle, 159 

Stapes, 157 

development  of, 412.  413 

Stercorine, 455 

Stereoscope, 125 

Stomach,  development  of, 406 

Strings,  subdivisions  ofj  in  vibra- 
tion,   188 

Styloid  ligament,  development  of, 

412,  413 
Subclavian  arteries,  development 

of; 432 

Subclavian     veins,     development 

of, 435 

Sudoriparous  glands,  development 

of, 897 

Summation  tones, 187 

Superfecundation, 347 

Superfcetation, 347 

Superior  maxilla,  development  of; 

412, 411 
Suprarenal  capsules,  development 

of, 424 

Sympexions, 324 

Tarsal  cartilages, 189 

Taste  (see  gustation), 232 

Taste-buds,  or  taste-beakers, 251 

Taste-cells, 252 
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Tastes,  as  distinguished  from  fla- 
vors,  288 

Tears, 144 

Teeth,  development  o£ 416 

— —  temporary,  eruption  of, 418 

permanent,  development  of,.  418 

order  of  appearance  of, 418 

Temperature,  appreciation  o£. . . .     22 

Tensor  tympani, 158,  211 

Testicles, 814 

tunica  vaginalis  of, ... .  814,  428 

— —  tunica  albuginea  of, 815 

—  mediastinum  o£ 315 

—  tunica  vasculosa  of  (pia  ma- 
ter testis), 816 

vasa  recta  of, 816 

vasa  efferentia  of, 816 

vas  aberrans  of, 818 

development  o£ 422 

descent  of, 422,  423 

gubernaculum  of, 422 

Thnenine, 145 

Titillation,. 22 

Tones  by  influence,. . . 192 

Tongue,  papilla  of, 249 

—  development  of, 418,  414 

Tooth-pulp,  development  ofj 417 

Touch,  Bense  of, 17 

variations  in  tactile  sensibil- 
ity in  different  parts, 17,  21 

measurement  of  tactile  sensi- 
bility,      18 

relations  of  tactile  corpuscles 

to  the  sense  of  touch, 20 

— -  table  of  variations  in  tactile 
sensibility  in  different  parts, ...     21 

Trachea,  development  of, 410 

Tractns  spiralis  foraminulentus,. .  219 
Transfusion,  restoration  of  life  by,  461 
Tubercula  quadrigemina,  develop- 
ment of, 400,  401 

Tunica  albuginea  testis, 815 

Tunica  Ruyschiana, 48 

Tunica  vaginalis  testis, 314,  423 

Tunica  vasculosa  (pia  mater)  testis,  816 
Twins,  one  a  horse  and  the  other  a 
mule, 848 

—  one  a  white  child  and  the 
other  black, 348,  452 

—  one  male  and  the  other  fe- 
male,   350 

—  can  two  beings  be  developed 
from  a  single  ovum  ? 451 

membranes  and  placenta  in 

cases  of, ....  451 
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Twins,  Siamese, 452 

Tympanum, 155 

membrane  of  (see  membrana 

tympani), 197 

development  of, 412,  413 

Umbilical  arteries, 482 

Umbilical  arteries  and  veins,  color 

of  blood  in, 441 

Umbilical  cord, 870 

valvular  folds  in  the  vessels 

of, 872 

Umbilical  hernia,  in  the  earlier  pe- 
riods of  foetal  life,. . . .  867, 872,  406 

Umbilical  vein, 434,  448 

Umbilical  vesicle, 867 

Umbilicus,  amniotic, 363 

intestinal, 867 

Umbo, 198 

Urachus, 873,  405 

Ureters,  development  of, 424 

malformations  of, 424 

Urethra,  first  appearance  o£ 405 

glands  of, 822 

Urinary  apparatus,    development 

of, 424 

Urine  of  the  foetus, 454 

Uterus,  position  of, 267 

ligaments  of, 267 

form,  size,  and  weight  of, . . .  279 

muscular  walls  of, 280 

mucous  membrane  of, 282 

tubes,  or  glands  of, 282 

arbor  vito  of, 288 

erectile  tissue  and  erection 

of, 284,887 

sinuses  of, 285 

lymphatics  and  nerves  of,.. .  285 

changes  in  the  mucous  mem- 
brane of,  during  menstruation, .  806 

regeneration  of  the  mucous   . 

membrane  of,  during  pregnancy,  376 

double, 847  (note),  422 

formation  of  the  round  liga- 
ment of, 424 

enlargement  of,  in  preg- 
nancy,  444 

condition  of  the  cervix  of,  in 

pregnancy, 444 

—  causes  of  contractions  of,  in 
parturition, 462 

contraction  of,  after  parturi- 
tion,   '. 458 

involution  of,  after  parturi- 
tion,  458 
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Uterus,  restoration  of  the  mucous 
membrane  of,  after  parturition,  454 

Utricle  of  the  labyrinth, 214 

Uvea, 48,51,62 

Vagina, 267,  287 

sphincterof, 287 

double, 847  (note),  422 

Valsalva,  humor  of^ 218 

Valvulss  conniventes,  development 

of, 407 

Vas  aberrans  of  the  testicle, 318 

Vas  deferens, 318 

development    of,    from    the 

duct  of  the  Wolffian  body,.  420,  423 
Vasa  efferentia  of  the  testicle, ....  316 

Vasa  recta  of  the  testicle, 816 

Vasa  vorticosa, 49 

Vena  innominata,  development  of,  485 

Vena  cav®,  development  of, 434 

Venereal  orgasm, 835,  836,  840 

Venereal  sense, 24 

Venous  system,  development  of,. .  484 
Ventricles  of  the  brain,  develop- 
ment of, 401 

Vernix  caseosa, 397,  454 

Vertebral  column,  development  of,  395 

— —  intervertebral  disks, 394 

Vertebral,  or  dorsal  plates, 390 

VesicultB  seminales, 320 

fluidof, 824 

development  of, 423 

Vestibule  of  the  ear, 163,  214 

— —  development  of, 403 

Villi  of  the  intestine,  development 

of, 407 

Visceral  arches  and  clefts, 411 

Visceral,  or  abdominal  plates,  891, 

405,  411 
Vision,  general  considerations  ofj .  87 
area  of, 72,  86 
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Vision,  of  near  objects  through  a 

pinhole, 110 

erect  impressions  produced 

by  images  inverted  on  the  retina,  116 

binocular, 117 

corresponding  points  in  the 

retina, 119 

monocular, 122 

duration  of  luminous  impres- 
sions,   127 

time  necessary  for, 127 

Vitality, 461 

Vital  properties  of  organized  tis- 
sues,   255 

Vitelline  membrane  of  the  ovum, .  289 

villosities  of, 361 

Vitellus, 290 

deformation  and  gyration  of,  854 

change  in  the  appearance  of, 

after  fecundation, 355 

nucleus  0$ 856 

segmentation  of, 356 

Vitreous  humor, 65 

development  of, 402 

hyaloid  membrane  of, 65 

Wagner,  spot  of, 291 

Weight,  appreciation  of, 16 

Wharton,  gelatine  of, 371 

Winking, 141 

Wolffian  bodies, '.  891,  420 

ductsof, 420 

development  of  ducts  ofj  into 

the  vasa  deferentia, ......  420,  423 

structure  of, 421 

disappearance  of, 422 

Yolk,  principal,  or  formative,. . . .  290 
Youth, 459 

Zone  of  Zinnr 49,  68 
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Abdominal  plates,...  .v.  891,  405,  411 

Abercrombie,  brain  o£ iv.  348 

Absorbent  system,  discovery  of,  .il  422 
Absorption,     general     considera- 
tions,  ii  415 

by  blood-vessels, ii.  416 

— —  experiments  on  the  action  of 

the  blood-vessels  in,.. ii.  418 

in  the  mouth, ii.  420 

—  of  liquids  and  the  products 

of  digestion  in  the  stomach, . .  .ii  421 
— —  in  the  small  intestine, ...  .it  421 

proof  o^  by  demonstration  of 

albumen,  glucose,  etc.,  derived 
from  food,  in  the  blood  of  the 

portal  system, ii.  421 

of  secreted  fluids  with  digest- 
ed alimentary  matters, it  422 

—  by  lacteal  and  lymphatic  ves- 
sels,  ii.  422 

—  of  gases,  in  the  alimentary 
canal, il  422 

— —  from    parts    not    connected 
with  the  digestive  system,. .  ..ii.  450 

—  from  the  skin, it  451 

from    the    respiratory    sur- 
face,  ii  455 

—  from  the  closed  cavities,,  .ii  457 
from    subcutaneous    areolar 

tissue, ii.  458 

— —  from  reservoirs  of  glands,. ii  458 

—  from  the  urinary  bladder,..ii  459 

—  from  the  ducts  and  the  paren- 
chyma of  glands, ii.  459 

of  fats,  mechanism  of,. . .  .ii.  459 

—  of  mercury  and  particles  of 
carbon, ii  463 

—  variations  and  modifications 

of, ii.  464 
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Absorption  of  woorara  and  ven- 
oms,  ii.  465 

of  liquids  which  disorganize 

the  tissues, ii  466 

influence  of  the  conditions  of 

the  blood  and  of  the  vessels  on, 

ii  466 

influence  of  loss  of  blood  on, 

ii  466 

influence  of  repletion  of  the 

vessels  on,. ii.  467 

influence  of  the  nervous  sys- 
tem on, ii  467 

Accommodation,  visual,. . .  .v.  64,  104 

theories  of, v.  105 

range  of, v.  106 

changes   of  the   crystalline 

lens  in, v.  106 

action  of  the  ciliary  muscle 

in, v.  107 

mechanism  of, v.  108 

changes  of  the  iris  in, v.  108 

in  the  lensless  eye, v.  110 

auditory, .v.  208 

Acid  principle  of  the  gastric  juice,  ii.  238 

Addison's  disease, iii  354 

Additional  tones, v.  187 

Adipose  tissue,  anatomy  ofj. . .  .iii  887 

Adolescence, .v.  459 

Adult  age, v.  459 

JSsthesiometer, v.     19 

Ages, v.  459 

Agraphia, iv.  358 

Air,  diffusion  of,  in  the  lungs, . .  .i  406 

composition  of, '.  ,i  413 

changes  of,  in  passage  through 

the  lungs, i.  428 

—  increase  in  temperature  o£  in 
passage  through  the  lungs,. .  .i  423 
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Air-cells,  anatomy  of, L  362 

Album  Graecum, ii.  398 

Albumen,  situations  and  quantity 

of, i.    81 

mode  of  extraction  and  prop- 
erties of, L    82 

influence    of,    on    polarized 

light, i     88 

tests  for, i    88 

origin  and  functions  of, ....  i    83 

as  an  alimentary  principle,.^    47 

vegetable, ii.    61 

—  action  of  gastric  juice  upon,.ii  258 

—  comparative  digestibility    of 
raw  and  coagulated, ii.  259 

—  diminution  of;  in  the  blood  in 
the  liver, iii.  829 

in  milk,.. ..." iii.    95 

Albumen-peptone, ii.  260 

Albuminoids,  action  of  intestinal 

juice  upon, it  828 

absorption  of,  by  lacteals,.ii.  444 

JHbuminometer, L    84 

Albuminose, L  85,  ii.  263 

interference  of,  with  Trom- 
mels test  for  glucose, ii.  264 

Alcohol,    exhalation    of,    by   the 

,  lungs, L  450 

in  various  beverages, ii.  102 

elimination  of, ii.  108 

effects  of,  upon  the  nervous 

system, ii.  105 

influence  of,  upon  the  exha- 
lation of  carbonic  acid, ii  105 

influence  of,  upon  nutrition, 

ii.  106 
influence  of;  upon  the  capa- 
city for  enduring  cold, ii.  109 

influence  of,  upon  the  capa- 
city for  labor, ii.  110 

Ale, ii  118 

Aliment,  definition  of,. ii.    44 

quantity  and  variety  of,  ne- 
cessary to  nutrition, ii.  122 

influence  of,  upon  the  capa- 
city for  labor, ii  127 

necessity  of  variety  in, . . .  .ii.  128 

■■        effects    upon  the  system  of 

restriction  to  a  single  article,. ii.  130 
Alimentary    principles,    nitrogen- 
bed, ii.    45 

—  non-nitrogenized, ii    54 

—  inorganic, ii.    68 

Alimentary  substances,  compound, 

ii    67 


PASS 

Alimentary    substances,    derived 
from  the  animal  kingdom, . . .  .ii    69 

—  preparation  of  those  derived 
from  the  animal  kingdom, .. .  .ii    86 

— —derived  from  the  vegetable 

kingdom, ii     89 

Alimentation,  effects  of  insufficient 

food  in  man, ii    84 

Allantois,  development  of  (see  cho- 
rion),  v.  868,  872 

villosities of; .....v.  368 

Alternate  paralysis, iv.  147,  401 

Amandine, ii    52 

Ammonia,  exhalation  of,  in  respi- 
ration,  i  44$ 

Amnion,  formation  of; v.  361 

villosities  of; v.  863 

enlargement  of; v.  370 

Amniotic  fluid, v.  865 

origin  of; v.  866 

—  property   of,  of  preserving 
dead  tissues, v.  366 

AmpulUe  of  the  semicircular  ca- 
nals,  v.  214 

Amputated  members,  sensation  in, 

iv.    89 

Amylacea,  corpora, iv.    59 

Amyloid  matter,  in  the  liver,.  ..iii  320 
Andersonville,  condition    of  the 
United  States  soldiers,  prisoners 

of  war  at, ii    87 

Andral's  ninety-three  cases  of  dis- 
ease of  the  cerebellum,  analysis 

of, iv.  878 

Anelectrotonus, iv.  119 

Anencephalio  and    aoephalic  foe- 
tuses,   iv.  442 

Angle  alpha, v.    71 

Anosmia, v.    82 

Anus, ii  390 

development  of; v.  408 

imperforate, v.  408 

Aorta,  abdominal,  first  appearance 

of, v.  891 

development  of, .v.  432 

Aorta,  primitive, v.  390,  431 

Aortic  arches, v.  431 

Aphasia iv.  350 

—  first  case  of,  on  record,.,  .iv.  352 

cases  of, iv.  354 

relations  of  facts  observed  in, 

to  dextral  preeminence, v.  457 

Appendix  vermiformis, ii  885 

—  development  of, v.  406 

Appendices  epiploic®, ii  387 
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Appetite, ii    15 

—  modifications  of,  by  season 
and  temperature, ii    16 

——influence   of  exercise,  etc., 
upon, ii.    16 

—  influence  on,  of  extirpation  of 
the  spleen  or  of  one  kidney, .  .11    17 

Aqueduct  of  Sylvius,  development 

of; v.  402 

Aqueous  humor, v.    64 

Arachnoid, iv.  259 

first  appearance  of; v.  898 

Area  pellucida  of  the  ovum,. . .  .v.  858 

Area  vasculosa, v.  480 

Arnold's  ganglion, .. .iv.  420 

Arteries,  circulation  in, i.  240 

—  physiological  anatomy  of,..i.  241 

divisions  of, i.  248 

coats  of; i  248 

nerves  in  walls  of, i.  245 

blood-vessels  in  walls  of; . .  .1  245 

elasticity  o£ ..  i  246 

—  experiments  showing  dilata- 
tion of; i.  247 

—  influence  of  elasticity  of,  on 
the  current  of  blood, .i  248 

contractility  of, i  250 

locomotion  of,  and  produc- 
tion of  the  pulse, i  252 

—  variations  in  caliber  of,  at 
different  periods  of  the  day.,  .i.  261 

Arterial  pressure, i.  261 

—  in  different  vessels, i.  266 

—  influence  of  respiration  on,.i  267 

—  influence  of  haemorrhage  on,  i  269 
Arterial  circulation,  rapidity  of,.i.  270 

—  apparatus  of  Volkmann  and 
Huttenheim  for  measuring  ra- 
pidity of, i.  271 

—  apparatus  of  Vierordt,. . .  .i  272 
apparatus  of  Chauveau,. .  .i.  278 

—  rapidity  of,  in  different  ves- 
sels,  i.  274 

Arterial  murmurs, 1.  276 

Arterial  system,  development  of,. v.  482 

Arytenoid  muscle, iii  494, 495 

Asparagus ii.     99 

Asphyxia, i.  490 

power  of  resistance  to,  in  the 

newly-born, i  421,  490 

— —  from  breathing  in  a  confined 

space, i  491,495 

—  from  charcoal-fumes, i  491 

— —  influence  of,  on  the  pulmonar 

ry  circulation, .1  848 


PAG1 

Astigmatism, v.    98 

Associated  movements, iv.    86 

Atrophy,  progressive  muscular,.iv.  448 
Audition,  general  mechanism  ofrv.  146 

summary  of  mechanism  of,.v.  229 

Auditory  apparatus,  divisions  of, 

v.  152 
Auditory  nerves,  physiological  anat- 
omy of, v.  147 

general  properties  of, v.  148 

—  action  of  galvanism  upon,. v.  149 

development  of; v.  408 

Auditory  vesicle, v.  402 

Auricular  branches  of  the  pneumo- 

gastric8  (see  pneumogastric),.iv.  216 
Axis-cylinder  (see  nerve-fibre),  .iv.    21 

Azygos  uvuto  muscle, ii.  185 

Azygos  veins,  development  of,.. v.  434 

Bacillar  membrane, v.    56 

Baking,  in    the    preparation    of 

food, ii.    88 

Barley, ii.    92 

Barreswil's  test  for  sugar, iii.  802 

Bartholinus,  glands  of,.. v.  886 

Barytone  voice, .iii  504 

Bass  voice,. . .   iii  504 

Beats,  a  cause  of  dissonance,. .  .v.  191 

Beef; ii.    70 

composition  of, ii.    71 

Beefsteaks,  composition  of,  cook- 
ed,  it    72 

Beer, ii.  118 

Beet-root, ii.    99 

Bellini,  tubes  of, iii.  148 

Bertin,  columns  of, iii  145 

Bnoin  de  retpirer, i  479-484, 

iv.  286,  408 

Bicarbonate  of  soda, i    45 

Bicuspid  teeth, ii.  142 

Bile,  action  of,  in  digestion,. . .  .ii.  860 
experiment  to  ascertain  quan- 
tity of,  secreted, ii.  864 

excrementitious  and    recre- 

mentitious  properties  of,. . .  .ii  865 

general  physical   properties 

of, ii  866 

reaction  of, ii.  866 

peculiar  salts  of, ii.  866 

influence  upon  the  formation 

of  chyle  of  ligating  the  common 

bile-duct, ii  868 

influence  of,  in  preventing 

putrefactive  changes  in  the  con- 
tents of  the  intestine, ii  871 
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Bile,  influence  of,  upon  peristaltic 
increments  of  the  intestine,.. it 

871,  880 

influence  ofJ  on  the  digestion 

of  fat, iL  872 

influence  ofj  in  exciting  con- 
tractions of  the  intestinal  villi,. 

ii  373 

resorption  of  salts  ofJ  in  the 

intestine, iL  874 

variations  in  the  flow  of,  with 

digestion, ii  375 

imbibition  of   the  coloring 

matter  of,  by  the  walls  of  the 
gall-bladder  after  death, iL  504 

mechanism  of  the  secretion 

and  discharge  of, iiL  250 

secretion  ofJ  from  venous  or 

arterial  blood, iiL  253 

quantity  of, iiL  255 

variations  in  the  flow  of^.iiL  256 

—  influence  of  the  nervous  sys- 
tem upon  the  secretion  of, . .  iii.  257 

—  mechanism  of  the  discharge 

of, iiL  257 

■general  properties  o£. . .  .iiL  258 

—  specific  gravity  of, iii.  259 

— —  reaction  of, iiL  259 

— —  coloration  of  the  tissues  by, 

iiL  259 
composition  o£ iiL  260 

—  proportion  of  solid  constitu- 
ents in, iiL  261 

inorganic  constituents  of,. iii.  262 

fatty  and  saponaceous  con- 
stituents of, iiL  262 

—  lecithene  of, iii.  262 

choline  of,. . . iii.  262 

peculiar  salts  of, iii.  262 

taurocholate  of  soda  of, .  .iii.  263 

process  for  the  extraction  of 

the  biliary  salts, iii.  264 

glycocholate  of  soda  ofJ.  ..iiL  266 

origin  of  the  peculiar  salts 

of, iiL  266 

—  the  biliary  salts  do  not  accu- 
mulate in  the  blood  after  extir- 
pation of  the  liver, iiL  267 

cholesterine  of,. iiL  267 

—  coloring  matter  of  (biliver- 
dine), iiL  273 

tests  for, in.  274 

Pettenkofer's  test  for, . .  ..iiL  275 

excrementitioufl  function  o£ 

iiL  277 


Bile-ducts,  arrangement  o£  in  the 

lobules  of  the  liver, fit  241 

Biliary  fistula, iL  361-368 

observations  on  an  animal 

with, iL  869 

Biliary  matter, iL  866 

Biliary  resin, iL  366 

Biliary  passages  (see  liver),. .  ..iiL  245 

BiUverdine, L    93 

test  for, iiL  275 

Binocular  fusion  of  colors, v.  126 

Binocular  vision, v.  117 

Birds,  flesh  of,  used  as  food, . .  .iL     75 

Black  Hole  of  Calcutta, L  493 

Bladder,  mucous  membrane  of^  iiL 

49, 181 

anatomy  of, iiL  179 

■  sphincter  of, iiL  181 

corpus  trigonum, .iiL  181 

blood  -  vessels,  nerves,  and 

lymphatics  of^ iiL  182 

—  influence  of  the  nervous  sys- 
tem on  the  movements  of; .  .UL  184 

formation  of, v.  873,  405 

Blastodermic  cells, v.  357 

Blastodermic  layers,,  .v.  359,  887,  389 
Blastodermic  layer,  vascular  (so 

called), v.  480 

Blepharoptosis, v.  140 

Blind  spot  of  the  retina, v.  87,  90 

Blood,  general  considerations,.. L    95 

—  immediate  importance  of,  to 
life, L     96 

experiment  of  withdrawing  a 

large  quantity  of,  from  the  ves- 
sels,   L    97 

transfusion  of, L     97 

transfusion  of,  in  disease,.. L    98 

transfusion    of,    in    experi- 
ments on  animals, L    99 

—  entire    quantity  of,  in  the 
body, L  100 

reaction,  odor,  and  opacity 

of, L  104 

—  temperature  and  specific  gra- 
vity of, L  105 

color  of, L  106 

'color  of;    In  veins    of  the 

glands, L  107 

analyses  of, L  127 

—  inorganic  constituents  o£..L  128 

—  organic  nitrogenized  constit- 
uents of, L  129 

organic  non-nitrogenized  con- 
stituents of, L  129 
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Blood,  quantitative  analyses  o£..i  ISO 

quantitative  analysis  of,  by 

the  method  of  Becquerel  and 

Rodier, L  181 

——quantitative  analysis  of,  by 
the  author's  method, i.  184 

—  table  of  composition  ofY . .  .L  188 

coagulation  of, i.  142 

rapidity  of  coagulation  ofj 

i  148 
circumstances  modifying  the 

coagulation  of, i.  149 

coagulation  of,  in  the  organ- 

ism, L  150 

office  of  coagulation  in  arrest 

of  haemorrhage, i.  153 

cause  of  coagulation  of,. .  .i.  156 

summary  of  properties  and 

functions  of, i.  167 

changes  of,  in  respiration,,  i  452 

—  difference  in  color  between 
venous  and  arterial, i  454 

general  differences  between 

Tenons  and  arterial L  470 

—  analyses  of,  for  gases,  J.  458-464 

—  condition  of  gases  in, i.  466 

as  an  article  of  food, ii.     76 

Blood-corpuscles  (red), i.  108 

— -  anatomical  characters  of,,  .i  109 

table  of  measurements  of,.i.  113 

chemical  characters  of,.  ...i.  117 

development  of,. ..  .1 118,  v.  429 

functions  of, i.  120 

(white),... .. i.  121 

elementary  corpuscles, . . .  .i  126 

—  absorption  of  oxygen  by,.  ,i.  455 
changes  of,  in  passing  through 

the  liver, iii  329 

structure  of,  in  the  foetus,. v.  429 

Blood-crystals, i  117 

Blood-vessels,  development  of,.. v.  429 
Boiling,  in  the  preparation  of  food, 

ii    88 
Bones,  physiological  anatomy  of, 

iii.  479 

fundamental    substance   of, 

iii.  480 

Haversian  rods  of, iii.  481 

Haversian  canals  of, iii.  481 

lacunae  of, iii  481 

canaliculi  of, iii.  482 

marrow  of, .iii.  483 

■         generation  of,  by  transplan- 
tation of  marrow, iii.  485 

— —  periosteum  of, iii  485 

161 


PAOI 

Bones,  generation  of,  by  transplan- 
tation of  periosteum, iii  486 

Bone-corpuscles, iii.  482 

Botal,  foramen  of, v.  486,  442 

Brain  (see  cerebrum  and  encepha- 

lon), iv.  813 

comparative  Bize  of  the  right 

and  the  left  side  of, v.  457 

Branchial  vascular  arches,,  v.  411, 

432,  433 

Bread, ii.     92 

mode  of  making, ii.     93 

made  of  gluten, ii.    53 

brown, ii.     95 

unfermented,  or  aSrated, .  .ii     96 

Breathing  capacity,  extreme,. .  ..i.  403 
Broiling,  in  the  preparation  of  food, 

ii.     88 
Bronchial  tubes,  anatomy  of,. .  ..i.  860 

development  of, v.  410 

Brunner,  glands  of, , . . ii.  813 

Buccal  glands, it  166 

Buckwheat, .11    91 

Bursas, iii.  89,  42 

Butter, ii  80,  iii.  9' 

Buttermilk, ii.    79 

Butyrine, iii     96 

Cabbage, ii.     99 

Cadaveric  rigidity, v.  461 

in  animals  killed  by  lightning 

or  hunted  to  death, v.  462 

Caecum, ii.  884 

development  of, v.  406- 

Caffeine, ii  119 

Cake, ...., ,, ii    96 

Calf  a  head  and  feet,  used  as  food, 

ii.     76 

Calorific  elements,. . .-. i    60 

Canaliculi,  of  bone,.. .  .^ iii.  482 

Canalis  reunions,. .    . .  .*. v.  214 

Canals  of  Cuvier, v.  434 

Canine  teeth, ii.  142,  143 

Capillaries,  circulation  in, i  278 

anatomy  of, i  279 

distribution  of, i.  281 

course  of  blood  in, i  283 

Capillary  system,  capacity  of,. .  .i.  282 
Capillary  circulation,  microscopical 

examination  of, i  284 

rapidity  of, i  289 

relations  of,  to  respiration,  .i  290 

causes  of, i  293 

— —  phenomena  in  patients  dead 

with  yellow  fever, i.  295 
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Capillary  circulation,  influence  of 

temperature  on, i.  297 

influence  of  direct  irritation 

on, i.  298 

Capillary  attraction, ii.  479-482 

Capriline,  in  milk, iiL     96 

Caprine,  in  milk, iii.     96 

Capro'ine,  in  milk, iiL     96 

Caput  coli,  development  of,. . .  .v.  406 
Carbon,  comparison  between  the 
quantity  of,  discharged  and  the 

quantity  ingested, ii.  124 

penetration   of  particles  of, 

into  the  blood-vessels, ii  464 

Carbonate  of  lime, t    42 

—  crystals  of,  in  the  internal 
ear, i.  18,  43,  v.  214 

formation  of,  in  analysis  by 

incineration, i.     48 

quantity  of  (table),  and  func- 
tion,   i.    48 

Carbonate  of  lime,  action  of  the 
gastric  juice  upon, ii.  270 

Carbonate  of  soda,  quantity  of 
(table),  and  function, i.    44 

Carbonate  of  potassa  and  carbon- 
ate of  magnesia, i.    45 

Carbonaceous  matter  in  the  lungs,.L  864 

Carbonic  acid,  discovery  of, i.  410 

exhalation  of,  in  respiration,!  424 

—  influence  of  arrest  of  respira- 
tory movements  on  the  exhala- 
tion of, L  425 

—  quantity  of,  exhaled, L  427 

influence  of  age  on  the  exha- 
lation of, i.  481 

influence  of  sex, i.  482 

influence  of  digestion, i.  483 

— —  influence  of  diet, i.  485 

influence,  of  alcohol, L  487 

influence  of  sleep, i.  439 

—  influence  of  moisture  and 
temperature, .i.  441 

—  influence  of  seasons, i.  442 

— sources  of,  in  the  expired  air,.i.  445 

—  proportion  of,  in  arterial  and 
venous  blood, i.  464 

condition  of,  in  the  blood,.. i.  467 

effect  of  inhalation  of, i.  492 

production  of,  in  respiration, 

i.  478 

in  the  urine, iii.  218 

Carbonic  oxide,  exhalation  of,  by 
the  lungs,  when  injected  into  the 
blood, L  450 
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Cardinal  veins, v.  434 

Cardiometer  of  Magendie  and  Ber- 
nard,  L  263,  265 

of  Marey  (differential), L  264 

Carotids,  tendency  to  sleep,  pro- 
duced by  compression  or  liga- 
ture of, iv.  455,  456 

Carotid  arteries,  development  of, 

v.  432 

Carrots, ii.     99 

Cartilage,  anatomy  ot, iiL  486 

Cartilage-cavities, iii.  487 

Cartilage-cells, iii.  487 

Cartilage,  fibro-, iiL  488 

Cartilagine, L    91 

Caruncula  lacrymalis, v.  141 

Caseine, i.  86,  ii.  48,  iiL  94 

vegetable, ii.    51 

action  of  the  gastric  juice 

upon, iL  261 

Caseine-peptone, .iL  262 

Caspar  Hauser,  case  of, v.  121 

Catalysis,  definition  of, L    74 

Catelectrotonus, iv.  119 

Cauda  equina, iv.  265 

Cauliflower, ii.     99 

Celery, iL     99 

Cellulose, ii.    60 

Cement  of  the  teeth, ii.  140 

Cephalo-rachidian  fluid,.. L  334,  iv.  261 

effects  of  sudden  discharge 

or  increase  of, iv.  263 

properties,  composition,  and 

functions  of, iv.  264 

Cereal  grains, ii.     90 

Cerealine, iL     95 

Cerebellum,  physiological  anatomy 

of, iv.  359 

course  of  the  fibres  in...  .iv.  361 

general  properties  of,. . .  .iv.  362 

functions  o£ iv.  363 

extirpation  of,  in  animala,.iv.  365 

pathological  facta  bearing  up- 
on the  functions  of, iv.  372 

-^ —  analysis  of  Andral's  ninety- 
three  eases  of  disease  of,. . .  .iv.  873 

additional  cases  of  disease  of, 

in  the  human  subject,,  .iv.  378-386 

conclusions  with  regard  to 

the  functions  of,  in  muscular  co- 
ordination,  iv.  886 

connection  of,  with  the  gen- 
erative functions, iv.  888 

movements  of  the  testicles, 

vasa  deferentia,  uterus,  Fallo- 
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pian  tubes,  etc.,  produced  by  ir- 
ritation of, iv.  868,  889 

Cerebellum,  comparative  size  ofj 
in  stallions,  mares,  and  geldings, 

iv.  889 

—  comparative  development  of, 

in  the  lower  animals, iv.  890 

paralysis  from  disease  or  in- 
jury of; iv.  890 

properties  of  the  peduncles 

of, iv.  415 

— —  development  ofJ v.  400,  401 

Cerebral  vesicles, v.  899 

Cerebrate  of  soda, iv.    59 

Cerebration,  unconscious, iv.  449 

Cercbric  acid, . . .  .iv.     59 

Cerebrine, iv.    59 

Cerebrospinal  axis,  general  ar- 
rangement of, iv.  257 

—  membranes  of, iv.  258 

Cerebrospinal  fluid  (see  cephalo- 

rachidian  fluid), iv.  261 

Cerebrum,  supposed  regeneration 

of,  after  extirpation iv.  63,  836 

reflex  action  o^  in  dreams, 

iv.  800,  449 

—  physiological  anatomy  of 
(see  encephalon), iv.  321 

—  general  properties  of,. . .  .iv.  322 
excitability  of  certain  por- 
tions of, iv.  823 

— : —  functions  of, iv.  324 

extirpation  of,  in  animals,.iv.  327 

pathological    facts    bearing 

upon  the  functions  of, iv.  337 

—  effects  of  hemorrhage  in,  .iv.  887 
— —  development  of,  in  idiots,. iv.  338 

—  comparative  development  of, 

in  the  lower  animals, iv.  340 

—  development  of,  in  different 
races  of  men  and  in  different 
individuals, iv.  841 

comparison  of  the  quality  of, 

with  the  quality  of  muscle, .  .iv.  342 

table  of  weights  of  the  brain 

in  the  Caucasian,  negro,  etc.,.iv.  345 

table  of  weights  of  the  brain 

in  individuals, iv.  345 

— -  location  of  the  faculty  of  ar- 
ticulate language  in  the  anterior 
lobes  of, iv.  850 

—  condition  of  vessels  of,  dur- 
ing sleep, iv.  457 

—  physiological  repair  of,  dur- 
ing sleep, iv.  458 
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Cerebrum, development  of,. v.  399,  401 

Cerumen, iii.  69,  v.  154 

Ceruminous  glands, iii.     60 

Cervical  ganglia   of  the  sympa- 
thetic,  iv.  421 

Chambers  of  the  eye, v.  62,  65 

Cheese, ii.    81 

composition  of, ii.     80 

— -  made  of  peas, ii.     52 

Chest-register  of  the  voice,. . .  .iii.  509 

Chiasm  of  the  optic  nerves, v.    89 

Chiccory, ii.    99 

adulteration  of  coffee  with,.ii.  118 

Chick,  different  stages  of  develop- 
ment of, v.  389 

Childhood, v.  459 

Chloride  of  sodium, i.  85,  ii.     64 

quantity  of  (table), i.     85 

function  of,. i.    86 

desire  of  all  animals  for,,  .i.    87 

effect  of  deprivation  of,  on 

nutrition, i.    87 

quantity  of,  in  blood,  almost 

constant, i.     88 

removal  of  excess  of,  by  the 

kidneys, i.     88 

Chloride  of  potassium, .i.     89 

Chloride  of  ammonium, i.    47 

Chlorides,  in.  the  urine, iii.  211 

daily  elimination  of,  in  the 

urine, . . .  * iii.  212 

Chocolate, ii.  120 

preparation  of,  for  use,. .  .ii.  121 

Choleic  acid, .ii  866,  iii.  265 

Cholesterine, iv.    56 

transformation  of,  into  ster- 

corine, ii.  402 

presence  of,  in  the  faeces,  un- 
der certain  conditions,  and  in 

the  meconium, ii.  403 

in  the  bile, iii.  267 

situations  of,  in  the  organ- 
ism,   iii.  268 

chemical  properties  of,.,  .iii.  269 

crystals  ofj iii.  269 

extraction    of,    from    gall- 
stones,  iii.  271 

extraction  of,  from  the  ani- 
mal tissues  or  fluids, iii.  271 

functions  of, iii.  277 

— —  origin  of,  in  the  economy,. iii.  279 
experiments  showing  forma- 
tion of,  in  the  nervous  tissue, 

iii.  280 
presence  of,  in  the  spleen, .  iii.  280 
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Cholesterine,  experiments  showing 
absence  o£  in  the  blood  from 
paralyzed  parts, iiL  284 

elimination  of,  by  the  liver,  iii  266 

experiments  showing  dimi- 
nution of,  in  the  blood  passing 
through  the  liver, iii.  287 

examination    of  the    blood 

for,  in  simple  icterus,  cirrhosis, 
etc iii  292 

~—  in  the  crystalline  lens, v.    63 

—  in  the  meconium, v.  409,  455 

as  an  excretion,  in  the  foetus, 

y.  455 

Cholestenemia, iii.  294 

Cholic  acid, ii  866,  iii.  265 

Choline, iii  262 

Chondrine, ii.    48 

Chorda  donahs,. ., v.  890,  893 

Chorda  tympani  nerve, v.  285 

functions  of, iv.  155 

influence  of,  upon  the  sub- 
maxillary secretion, iv.  158 

Chordae  vocales,. , iii.  492 

Chorion,  permanent, t.  868 

villoaitiesof, t.  869 

Choroid, t.    48 

Choroid  plexus, iv.  260 

Chromatic  aberration, v.    82 

correction  of, v.    88 

Chyle, ii.  529 

general  properties  of,.ii  580,  631 

quantity  ot,  ii  682 

r  composition  of, it  588,  536 

presence  of  sugar  in, ii.  587 

microscopical  characters  of, 

it  587 
Chyle    and    lymph,  comparative 

composition  of. ii.  536 

presence  of  sugar  in, ii  520 

presence  of  urea  in, .ii  520 

—  currents  o£ ii.  538,  540 

—  influence  of  the  forces  of  en- 
dosmosis  and  transudation  on 
the  currents  of^ ii.  540 

—  influence  of  the  contractile 
walls  of  the  vessels  on  the 
currents  of, ii  642 

influence  of  pressure  from 
surrounding  parts  on  the  cur* 
rents  of, ii.  548 

—  influence  of  movements  of 
respiration  on  the  currents  of, 

ii.  544 
Cider, ii.  114 
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Cilia,  where  found, iii  439 

Ciliary  ganglion,. iv.  419 

Ciliary  glands, in.     63 

Ciliary  motion, iii  438 

CQiary  muscle  (ciliary  ligament), . 

v.    50 
action   o£    in    accommoda- 
tion,  .v.  107 

Ciliary  nerves,  influence  ot,  upon 

the  iris, iv.  138,  419 

Ciliary  processes, ..v.    49 

Olio-spinal  centres, iv.  438,  v.  102 

Circulation,  discovery  of, i  170 

general  course  of, i  176 

action  of  the  heart  in  (see 

heart), i  177 

in  the  arteries  (see  arteries),!.  240 

in  the  capillaries  (see  capil- 
laries),  i  278 

—  in  the  veins  (see  veins),.  •  -i  301 

— —  derivative, i  339 

pulmonary, i  840 

general  rapidity  o£ i  348 

rapidity  o£  in  different  ani- 
mals,  ..i  346 

—  relations  of  rapidity  of,  to 
the  frequency  of  the  heart's  ac- 
tion,.  i  848 

—  influence  of  the  pneumogas- 
trics  npon, iv.  223 

—  influence  of  the  sympathetic 
.system  upon, iv.  432,  483 

first,  or  vitelline, v.  430 

—  first  appearance  o£ v.  431 

second,  or  placental, v.  432 

—  in  the  foetus, v.  436 

third,  or  adult, ▼.  441 

Circulatory  system,  phenomena  in, 

after  death, i.  351 

development  of^ v.  428 

Clams,  used  as  food, ii.     84 

Cleft  palate, v.  416 

Climate,  influence   of,  upon    the 

diet, ii.  128 

Clitoris, v.  287 

Cloaca, v.  405,427 

Closed  follicles  of  the  stomach,. ii.  217 

Clot,  characters  of, i.  144 

Coagulation    of    the    blood   (see 

blood), i  142 

Cochlea, v.  165,  214 

canal  of, v.  216 

functions  of, v.  225 

Cocoa,  composition  of, ii.  121 

Coffee, ii  114 
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Coffee,  influence  of,  upon  capacity 
for  labor, iL  114 

—  influence  o£  upon  capacity 

for  enduring  cold, iL  116 

composition  of, iL  117 

—  varieties  of, iL  118 

—  adulteration  of,  with  the  chic- 
cory-root, iL  118 

infusion  of  the  leaves  of;. . .  iL  118 

Coitus, t.  881 

Colon, iL  884 

muscular  bands  o£ iL  888 

Coloring  matters,. L    92 

—  absorption  of,  by  the  lacte- 
al*,  iL447 

Color-blindness, v.    76 

Colors,  binocular  fusion  of, y.  126 

complementary, t.    75 

theory  of  the  perception  of,,  v.     76 

Colostrum, iii  102 

corpuscles  of,. : iii.  108 

composition  of, iii.  104 

— -  quantity  of^  as  an  indication 
of  the  probable  quantity  of  milk, 

iii  105 

Complemental  air, •  .L  401 

Conception  at  unusually  early  and 

advanced  ages,. v.  800 

Condiments, iL  100 

Cone-fibre  plexus, v.    68 

Cones  (see  rods  and  cones), v.    56 

Conjunctiva, v.  141 

Connective  tissue, iii.  454 

Connective-tissue  cells, iii.  455 

Consonance  (see  tones  by  influ- 
ence),  v.  192 

Consonants, iii.  514 

Contralto  voice, UL  504 

Convulsions  from  hsamorrhage, .  .L  486 
Coordination  of  muscular  actions, 
probable  function  of  the  poste- 
rior white  columns  of  the  spinal 

cord  in, iv.  289 

effects  upon,  of  injury  or  re- 
moval of  the  cerebellum,. . .  .iv.  865 

functions  of  the  cerebellum 

in, iv.  886 

Corium  (see  skin), iiL  114 

Corn, ii.    90 

Cornea, v.    46 

refraction  by, v.    91 

development  of, v.  402 

terminations  of  nerves  in, .  iv.    45 

Corpora  amylacea, iv.     59 

Corpora  striata,  functions  of,,  .iv.  898 


PAGB 

Corpora  striata,  development  ofrv.  401 

Corpus  callosum, iv.  412 

Corpus  Highmorianum, v.  815 

Corpus  luteum, v.  807 

of  menstruation, v.  808 

of  pregnancy, v.  809 

Corpus  striatum,  effects  of  lesion 

of, iv.  887 

Corresponding  retinal  points,... v.  119 

Corti,  membrane  of,. v.  215 

— -  ganglion  of, v.  .220 

canal  of, v.  220 

pillars  of, v.  221 

organ  of, v.  220,  227 

Cotugno,  humor  of, v.  218 

Coughing, L  895 

Cowper,  glands  of, v.  822 

Crabs,  used  as  food, ii.    85  • 

Cranial  cavity,  circulation  in,. .  .L  882 
amorphous  sheath  of  blood- 
vessels of, L  386 

Cream, ii.     79 

—  separation  of,  from  milk,. iiL    89 

specific  gravity  of, iii.    89 

Creatine  and  creatinine, iiL .  204 

—  daily  elimination  of, iiL  207 

Cremaster  muscle, v.  814,  428 

Cresses, iL     99 

Crico-arytenoid  muscles,  lateral, . . 

iii.  494,  496 

posterior, iiL  495 

Crico-thyroid  muscles,. . .  .iiL  494, 495 

Crustacea,  used  as  food, ...... .iL    85 

Crystalline  (proximate  principle), . 

L  90,  v.  68 

Crystalline  lens, v.    60 

capsule  of; v.    61 

stars  of, v.    62 

—  composition  of, v.    68 

suspensory  ligament  o£. .  .v.    68 

refraction  by, v.    91 

— — •  changes  of,  in  accommoda- 
tion,  v.  106 

development  of, v.  402 

Cumulus  proligerus, ..v.  277 

Curling  arteries  of  the  placenta, 

v.  880,  885 

Cuvier,  brain  of, iv.  847 

canals  of, v.  484 

Cyanosis  neonatorum, v.  442 

Cyon,  depressor-nerve  of,  .iv.  208,  229 
Cytoblastions,  in  the  skin, iiL  115 

Dacryoline, v.  145 

Daltonism,. ..v.     76 
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Dartos, t.  814 

Death,  physiological,. . .  .iv.  410,  v.  460 
— —  contraction  of  muscles  after, 

v.  461 
— -  apparent  growth  of  beard  af- 
ter,  v.  461 

parturition  after, y.  461 

restoration  of  ml e  after,  by 

transfusion  and  artificial  respi- 
ration,  v.  461 

putrefaction  after, v.  468 

Decidua,.. t.  878 

fatty  degeneration  of,  as  a 
cause  of  parturition, v.  458 

—  serotina, v.  888 

Defecation,. . . ii  406 

—  sensations  which  precede  the 

act  of,. ii  406,  408 

—  relaxation  of  the  external 
sphincter  in, ii.  408 

— —  action  of  the  levator  ani  in, 

ii  408 

—  muscular  acts  concerned  in, 

ii  409 

—  influence  of  the  nervous  sys- 
tem upon, ii.  410 

Deglutition, ,. ii.  181 

— —  physiological  anatomy  of  the 
parts  concerned  in, ii  181 

—  mechanism  of, ii.  188 

— —  first  period  of,. ......... .ii  188 

second  period  of, ii  191 

—  protection  of  the  posterior 
nares  during  the  second  period 

of, ii.   192 

—  protection  of  the  opening  of 
the  larynx  during  the  second 
period  of, ii.  194 

— —  function  of  the  epiglottis  in, 

ii  194 

—  closure  of  the  glottis  in, .  ..ii.  196 

—  importance  of  the  sensibility 

of  the  top  of  the  larynx  in, . .  .ii.  197 
study    of,    by    autolaryngo- 

scopy, ii.  202 

— —  third  period  of, ii.  204 

action  of  the  oesophagus  in, 

ii.  204 

—  duration  of  the  third  period 

of, ii  205 

—  character  of  the  movements 

of, ii  206 

in  various  positions  of  the 

body, ii  206 

of  air, Ji  207 


rial 
Deglutition,  influence  of  the  facial 
nerves  upon, iv.  162 

—  influence  of  the  spinal  acces- 
sory nerves  upon, iv.  175 

—  influence  of  the  sublingual 
nerves  upon, iv.  182 

influence  of  the  superior  la- 
ryngeal nerves  upon, iv.  218 

—  influence  of  the  oesophageal 
branches  of  the  pneumogastrics 
upon, iv.  241 

Dental  bulbs, .v.  417 

Dental  follicles, v.  417 

Dentine, ii  140 

development  of, v.  417 

Depressor -nerve  of  the  circula- 
tion,  iv.  208,  229 

Derma  (see  skin), iii  114 

Descemet,  or  Demours,  membrane 

of; v.    47 

Development  after  birth, v.  458 

of  the  chick,  different  stages 

of, - v.  889 

Dextral  preeminence, v.  456-458 

Diabetes,  artificial, iii  173,  825 

production  of,  by  the  inhala- 
tion of  anesthetics  and  irritating 

vapors, iii  827 

Diabetic  sugar, i    50 

Dialysis  (note), ii  477 

Diaphragm,  action  of,  in  respira- 
tion,  i  849 

— -  development  of, v.  408 

Diaphragmatic  hernia,  congenital, 

v.  408 
Diarrhoea,  influence  of  the  sympa- 
thetic system  in  the  production 

of, iv.  484 

Diastase  (note), ii     59 

animal, ii  179 

Diet  (see  aliment), .ii.    44 

Diffusion  of  air  in  the  lungs,. . .  .i.  406 

Diffusion  of  liquids, ii.  489 

Digestibility  of  different  articles,  ii.  273 
Digestion,  general  considerations, 

ii  133 
duration  of, ii.  184 

—  in  the  mouth, ii.  135 

in  the  stomach, ii.  208 

influence  of  exercise  upon,  ii.  282 

influence  of  loss  of  blood 

upon, ii  283 

— -  influence  of  age  upon,. . .  .ii.  283 
influence  of  the  nervous  sys- 
tem upon,.... ii.  288 


GENERAL  INDEX  TO  THE  FIVE  VOLUMES. 


485 


PAOB 

Digestion,  in  the  small  intestine,. .il  308 

—  influence  of  the  pneumogas- 
trics  upon, it.  248 

Digestive  apparatus,  general  ar- 
rangement of, ii.  188 

Digestive  fluids,  not  secreted  during 
intra-uterine  life,. . .  .v.  409, 455, 459 

Diphthongs, iii,  514 

Disassimilation,    enumeration    of 

products  of, iii.  391 

Discords, y.  190 

Discus  proligerus, v.  277 

Dissepiments  of  the  placenta,. .  .v.  383 

Dorsal  plates, v.  390 

Dreams,  reflex  action  of  the  cere- 
brum in, iv.  300,  449 

Drinks, ii.  101 

Drinking,  mechanism  of, ii.  138 

Ductus  arteriosus, . . .  .t.  432,  483, 442 

Ductus  venosus, .v.  434,  443 

Duodenum, ii.  309 

Dupuytren,  brain  of, iy.  849 

Dura  mater, iy.  258 

first  appearance  of, v.  898 

Ear,  fluid  of  labyrinth  of, iii.    46 

—  ceruminous  glands  of, ....  iii.    60 

—  sebaceous  glands  of, iii.    61 

—  cerumen, iii.     69 

—  effects  of  paralysis  of  the  fa- 
cial nerve  upon, iy.  155 

—  influence  of  injury  or  disease 
of  the  semicircular  canals  upon 
the  muscular  movements  (Me- 
niere's disease),,  .iy.  869  (note), 

887,  y.  225 
— -  bones  of  (see  ossicles),. v.  157,  200 

external, v.  152,  196 

muscles  of, y.  153 

middle, v.  154 

— —  muscles  of, y.  158 

internal, v.  218 

development  of, v.  403 

Eggs,  as  articles  of  food, il    11 

Ejaculatory  ducts, v.  321 

Elasticine, i.     91 

Elastic  tissue, iii.  442 

Electricity,  influence  of,  in  modi- 
fying endosmosis, ii.  499 

—  excitation  of  nerves  by,.iv.  93, 105 
action  of,  upon  the  nerves, 

iv.  105 
— —  action  of  direct,  or  descend- 
ing, and  of  inverse,  or  ascending 
currents  of^  upon  the  nerves,.iv.  106 


PAOB 

Electricity,  derived  currents, . . .  iv.  112 
— —  induced    muscular    contrac- 
tion,...  iv.  112 

—  current  of,  from  the  exterior 
to  the  cut  surface  of  a  nerve, 

iv.  113 

effects  of  a  constant  current 

upon  the  nervous  irritability,.iv.  114 

Electrotonus, iv.  115 

Embryon,  primitive  trace  of,. .  ..v. 

858,  359 
development  of,  and  distinc- 
tion of,  from  the  foetus, .  .v.  887,  388 

Embryonic  spot, v.  858 

Embryo-plastic  elements, iii.  455 

Emphysema,  changes  of  the  tho- 
rax in, i.  885 

Emulsion, L     68 

Enamel  of  the  teeth, ii.  189 

Enamel-organ,  development  of, .v.  417 
Encephalon,  general  arrangement 

of. iv.  813 

different  ganglia  of, iv.  314 

weight  of, iv.  315 

physiological  anatomy  of,.iv.  816 

ganglia  at  the  base  of, . . .  iv.  393 

Endolymph, v.  218 

Endosmosis, ii.  469,  471 

discovery  of  laws  of, ii.  471 

—  experiments  on,  anterior  to 
the  observations  of  Dutrochet, 

ii.  472 

experiments   of     Dutrochet 

upon, ii.  474 

conditions  necessary  to, . .  .ii  476 

behavior  of  albumen  and  al- 

buminose  in, ii.  477 

influence  of  membranes  up- 
on,   ii.  478 

application  of  laws  of  capil- 
lary attraction  to ii.  478 

through  porous  septa,. . .  .ii.  482 

—  through  homogeneous  mem- 
branes,   ii.  483,  485 

through  liquids, ii.  485 

production  of,  by  the  gal- 
vanic current, ii.  486 

—  influence  of  different  liquids 
upon, ii.  488 

modifications  of,  due  to  the 

extent  and  thickness  of  the  per- 
meable membrane, ii.  494 

modifications  of,  due  to  pres- 
sure and  the  density  of  liquids, 

ii.  494-497 
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Endosmosis,  modifications  of,  due 
to  movement*  of  liquids,. . .  .ii  497 

—  modifications  oi,  due  to  tem- 
perature,   ii.  499 

modifications  o£  induced  by 

electricity, ii  499 

—  application  of  physical  laws 

to, iL  501 

— —  of  fatty  emulsions, ii.  502 

of  dense  saline  and  other  so- 
lutions,  ii.  464,  508 

—  modifications  of,  through  the 
nervous  system, ii.  505 

Endosmotic  equivalents,. .  .ii.  490-194 
Enemata,  nutrition  by  (note),.  ..ii.  390 

Epidermis, 111.  116 

— —  layers  of, iii  116 

—  Malpighian,  or  mucous  layer 

of, iii  116 

—  horny  layer  of, iii  116 

— — -  desquamation  and  formation 

of  cells  o^ iii  117 

appendages  of  (see  nails  and 

hair), fit  117 

—  first  appearance  of, v.  397 

Epididymis, v.  815,  817 

—  development  of, v.  422 

Epiglottis,  function  of,  in  degluti- 
tion,  i  859,  ii.  194-198 

—  effects  of  removal  of,  in  the 
human  subject  and  the  inferior 
animals, ii.  196,  198,  201 

—  action  of,  in  phonation,.  .iii.  507 

—  development  of, v.  414 

Epithelial  band  for  the  develop- 
ment of  the  teeth, « . .  .v.  417 

Epithelium,  glandular, iii.     18 

—  pavement, iii.    47 

—  columnar,  conoidal,  or  pris- 
moidal, iii    49 

ciliated,  situations  of, iii    48 

Erectile    tissues,    circulation    in, 

i.  836 

Erection,  mechanism  of, i  838 

in  the  male, v.  334 

in  the  female, v.  836,  338 

—  of  the  uterus, v.  284 

Eructation, ii.  306 

Eustachian  tube,. v.  159 

dilator  muscle  of v.  160 

—  development  of, v.  412,  418 

Eustachian  valve, v.  436,  442 

Excito-motor  action  (see  reflex  ac- 
tion),  iv.  800 

Excretinc, ii  898 


Excretion,  general  considerations, 

iii  108 

vicarious  action  in, in.    26 

Excretions,  distinction  ot,  from  se- 
cretions,  in.  16,  108 

enumeration  of, iii  391 

—  mechanism  of  the  production 

of, iii.    25 

Excretoleic  acid, ii  899 

Expiration,  movements  of, i  382 

influence  of  elasticity  of  the 

lungs  and  thoracic  walls  in,,  .i  383 

muscles  of  (table), i  385 

action  of  internal  intercostals 

in, i  386 

action  of  infra-costales  and 

triangularis  sterni  in, i  887 

action  of  obliquus  externus 

and  internus  in, .i  388 

action  of  transversalis  in,,  .i  888 

action  of  sacro-lumbalis  in, 

i  889 
Expression,  nerve  of  (see  facial 

nerve), iv.  145 

—  influence  of  the  facial  nerve 
upon, iv.  165 

External  auditory  meatus,.. v.  154,  196 

development  of, v.  412,  418 

Eye,  aqueous  humor  of, .  .iii  46,  v.  64 
Meibomian  glands  of,  iii.  62, 

v.  139 
Meibomian  secretion,. iii.  70, 

v.  139 

effects  of  division  of  the  fifth 

nerve  upon, iv.  198 

considered  as  an  optical  in- 
strument,   ..v.    70 

formation  of  images  in,. . . .  v.    84 

shadows  of  the  retinal  ves- 
sels,  ,.v.    85 

simple,  schematic, v.    92 

Eyeball,  physiological  anatomy  of, 

v.    44 

form  and  dimensions  of, .  ..v.    45 

summary  of  the  anatomy  of,. 

v.    66 

movements  o£ v.  129 

muscles  of, v.  180 

axes  of  rotation  of,. ....  ..v.  181 

protrusion  and  retraction  of, 

v.  182 

extent  of  rotation  of, v.  183 

parte  for  the  protection  of,. v.  188 

development  of, v.  402 

Eyelashes, v.  139 
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Eyelids, v.  188 

muscles  of, v.  139 

development  of,. v.  402 

Face,  development  of, v.  411 

Facial  angle, iv.  844 

Facial  nerve, iv.  145 

physiological  anatomy  of,.iv.  145 

—  effects  upon  the  eye,  of  sec- 
tion of  fibres  of,  in  the  median 
line,  in  the  floor  of  the  fourth 
ventricle, iv.  147 

— —  branches  of, iv.  148 

summary  of  anastomoses  and 

distribution  of, iv.  151 

—  properties  and  functions  of, 

iv.  154 
— -  effects  of  paralysis  of,  upon 
the  ear, iv.  155 

—  functions  of  the  chorda  tym- 
pani, iv.  155 

—  influence  of,  upon  gustation, 

iv.  156 

—  typical  case  of  division  of,  in 
the  human  subject, iv.  157 

influence  of,  upon  the  sub- 
maxillary secretion, iv.  158 

influence  of,  upon  the  move- 
ments of  the  palate  and  uvula, 

iv.  159 

—  functions  of  the  external 
branches  ofJ iv.  162 

— —  paralysis  of,  with  loss  of 
taste, v.  236 

Feces,  general  characters  of,. .  .ii.  394 

quantity  of, ii.  895 

— —  proportion  of  solid  matters 
in, u.  896 

microscopical  characters  of, 

ii.  897 

summary  of  the  characters 

of, ii.  408 

— —  time  occupied  in  the  passage 
of,  through  the  colon, ii.  405 

accumulation  of,  in  the  sig- 
moid flexure, ii.  406 

—  expulsion  of  (see  defecation), 

ii.  406 

Fallopian  tubes, v.  285 

— -  development  of,  from  the 
ducts  of  Miiller, v.  421,  422,  423 

—  movements  of,  produced  by 
irritation  of  the  cerebellum,.iv.  868 

Falsetto  register  of  the  voice,  ill. 

609,  510 


FAG! 


Falx  cerebri  and  falx  cerebellar.  259 

Fats,  varieties  of,  etc., i.    60 

composition  and  properties 

of, i.  61,  ii.  63 

condition  of,  in  nervous  tis- 


sue and  blood-corpuscles,.i.  62,  iv.  58 

—  saponification  o^ i.    62 

—  emulsion  of, i.    63 

—  origin  and  functions  of, . .  .i.    68 

—  formation  of,  in  the  organ- 
ism,  i.     64 

—  average  quantity  of,  in  the 
body,  and  mechanical  function 

of, i.    65 

—  changes  which  they  undergo 

in  the  organism, i.    66 

—  as  alimentary  principles, .  .ii.    61 

—  proportion  of,  in  certain  vege- 
tables,  ii.    62 

—  action  of  the  gastric  juice 
upon, ii.  267 

—  action    of    the    pancreatic 
juice  upon, it  842 

acidification  of,  by  the  pan- 


creatic juice  and  the  tissue  of 
the  pancreas, ii.  347 

influence  of  the  bile  on  the 

digestion  of, ii  872 

absorption  of,  by  the  lacteals 

and  blood-vessels, ii.  426 

mechanism  of  absorption  of, 

ii.  459,  502 

influence  of  the  alkalinity  of 

the  fluids  upon  the  absorption 
of, ii.  461 

penetration  of,  into  the  intes- 
tinal epithelium, ii.  462 

alleged  production  of,  by  the 

liver, '..iii.  828 

— —  office  of,  in  nutrition,. . .  .iii.  380 

formation  and  deposition  of, 

iii.  382 

influence  of  food  upon  the 

deposition  of, iii.  884 

condition  of  existence  of,  in 

the  organism, iii.  386 

—  physiological  anatomy  of,.iii.  887 

Fatty  acids, i.  62,  66 

Fatty  degeneration  (substitution), 

iii.  882 

Fatty  diarrhoea, ii.  348 

Fauces,  pillars  of, ii.  182 

isthmus  of, ii.  184 

Fecundation, v.  381 

—  action  of  the  male  in, v.  882 
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Fecundation,  action  of  the  female 

in, • v.  385 

situation  ofj v.  842 

mechanism  ofj y.  344 

—  union  of  the  male  with  the 
female  element  of  generation, 

v.  851 

artificial, v.  851 

penetration  of  spermatozoida 

through  the  vitelline  membrane, 

y.  852 

Fehling's  test  for  sugar, ill  801 

Female  organs  of  generation  (see 

generation), v.  265 

Fenestra  ovaHs, v.  156,  164 

Fenestra  rotunda,. . .  .v.  156,  165,  214 

Fermentation  of  sugar, i.    51 

Fermentation-teat  for  sugar, . . .  .i.    66 

Ferrein,  pyramids  o£ iii.  146,  148 

Fibrin, L     76 

mode  of  extraction  of,  and 

condition  of,  in  the  organism,  .i.    77 
organization  of, i.    78 

—  distinctions  of^  from  plastic 
lymph, i.     79 

origin  of, i.  80 

— — —  function  of,  and  destruction 

of,  by  the  liver  and  kidneys, .  .i.  81 

—  as  an  alimentary  principle,^.  48 
-  vegetable, ii.  51 

—  action  of  the  gastric  juice 
upon, ii.  260 

destruction  of^  in  the  liver, 

i.  81,  iii.  329 

Fibrin-peptone, ii.  261 

Fibro-cartilage, iii.  488 

Fibroplastic  elements, iii.  455 

Fibrous  tissue,  elastic, iii.  442 

inelastic, iii.  454 

fifth  nerve,  small  root  of  (nerve 
of  mastication), iv.  139,  140 

—  physiological    anatomy    of, 

iv.  140 
properties  and  functions  of, 

iv.  143 
large  root  of  (see  trifacial), 

iv.  184 

paralysis  of,  without  loss  of 

taste, v.  237 

Fila  acustica, .v.  219 

Filum  terminate  of  the  spinal  cord, 

iv.  265 

Fishes,  used  as  food, ii.    82 

circulatory  system  of,. . .  .v.  433 

Fiflk,  James,  Jr.,  brain  of iv.  348 


FAfla 

Flavoring  articles, ii.  100 

Flavors,  distinguished  from  true 

tastes, v.  233 

Foetus,  composition  of  the  urine 

of, iii  221 

formation  of  sugar  in, ; .  ..iii.  322 

influence   of  the    maternal 

mind  upon, v.  350 

movements  of, v.  404 

respiratory  efforts  of,.v.  404,  441 

—  relative  development  of  the 
upper  and  lower  portions  of,.. v.  439 

—  size,  weight,  etc.,  of,  at  differ- 
ent stages  of  development,.  ..v. 

448-450 

position  of,  in  uteroy.Y,  450-451 

Food  (see  aliment), ii.    44 

Foramen  ovale  of  the  heart,. . .  .v. 

435,  442 

Fossa  ovalis, v.  442 

Fourth  ventricle, iv.  860,  403 

Fovea  cardiaca, v.  431 

Fovea  hemispherica, v.  164 

Free-martin,  description  of,.v.  303,  350 

Frogs,  used  as  food, ii.    84 

Frontal  process,  development  of, 

v.  412, 413 

Fruits, ii.  10O 

Frying,  in  the  preparation  of  food, 

il    89 

Gall-bladder, iii.  248 

Galvanism,  excitation  of  nerves  by 

(see  electricity), iv.  93, 105 

action  of,   upon  the  nerves 

(see  electricity), iv.  105 

Game, ii.  74-75 

Ganglia  at  the  base  of  the  enceph- 

alon, iv.  393 

ophthalmic,     lenticular,     or 

ciliary, iv.  419 

spneno-palatine,  or  Meckel's, 

iv.  419 

otic,  or  Arnold's, iv.  420 

submaxillary, iv.  420 

cervical  sympathetic,.. .  N.iv.  421 

thoracic  sympathetic,. . .  .iv.  422 

semilunar, iv.  422 

lumbar  and   sacral    sympa- 
thetic,  iv.  423 

Ganglionic  nervous    system  (see 

sympathetic), iv.  416 

Garlics, ii.     99 

Gases,  as  proximate  principles,.. L     29 
in  the  alimentary  canal, . .  .L    29 


GENERAL  INDEX  TO  THE  FIVE  VOLUMES. 


489 


PAOI 

Gases,  proportions  of,  in  venous 
and  arterial  blood, .  X  466,  464-470 

of  the  blood,  table  of  Mag- 
nus,  i.  463 

— —  condition  of,  in  the  blood,. i.  466 

—  found  in  the  alimentary  ca- 
nal,  ii.  410 

— —  origin  of,  in  the  intestine,. ii.  412 
— —  absorption  of,  in  the  intes- 
tine,  ii  422 

Gasser,  ganglion  of, iv.  185 

Gasterase, ii.  285 

Gastric  fistula  in  the  inferior  ani- 
mals ;  mode  of  operating,  ii,  221-222 

case  of  Alexis  St  Martin,. ii.  228 

Gastric  juice, ii.  217 

— —  first  obtained  by  causing  ani- 
mals to  swallow  perforated  tubes 
filled  with  sponge,  etc., ii.  218 

—  mode  of  collecting  from  a  fis- 
tula,  ii.  222 

secretion  of, ii.  225 

—  action  of  acids  and  alkalies 
upon  the  secretion  of, ii.  227 

—  influence  of  gustatory  im- 
pressions   upon    the    secretion 

of, ii  227 

—  conditions  which  disturb  the 
secretion  of, ii  228 

—  secretion  of,  in  different  parts 

of  the  stomach, ii.  229 

quantity  of,  secreted  in  the 

twenty-four  hours, ii  280 

—  composition  o£ ii.  282 

— -  specific  gravity  of, ii.  288 

—  power  of  resisting  decompo- 
sition, and  antiseptic  properties 

of, ii  234,  267 

—  chemical  analysis  of,  in  the 
dog, . ii.  284 

organic  principle  of, ii.  235 

source  of  acidity  of, ii  287 

—  chlorohydropeptio  add  in, .  ii  242 
— —  lactic  acid  in, .ii  248 

—  acid  phosphate  of  lime  in, 

ii  245 
— —  action  of,  upon  carbonate  of 

lime, ii.  248 

principles    upon    which   its 

acidity  depends, ii.  248 

—  ordinary  saline  constituents 

of, ii.  249 

digestive  properties  of,  de- 
pending on  presence  of  organic 
matter  and  a  free  acid,,  .ii.  251,  258 


PAGE 

Gastric  juice,  the  normal  acid  of, 
may  be  replaced  by  certain  other 

acids, ii.  252 

mixture  of  mucus  in, ii  254 

action  of,  upon  meats,. . .  .ii  255 

action  of,  upon  albumen,  raw 

and  coagulated, ii.  258 

action  of,  upon  fibrin,. . .  .ii.  260 

action  of,  upon  caseine, . .  .ii.  261 

—  action  of,  upon  gelatine,,  .ii.  262 
action  of,  upon  vegetable  ni- 

trogenized  matters, ii.  262 

action  of,  upon  gluten,.  ...ii.  262 

catalytic  action  of, ii.  267 

action  of,  upon  fats, ii  267 

action  of,  upon   saccharine 

and  amylaceous  principles,.  ..ii.  268 
action   of,    upon    inorganic 

principles, ii  270 

action  of,  upon  the  coats  of 

the  stomach, ii  275 

influence  of  section  of  the 

pneumogastrio  nerves  upon  the 

secretion  of, • ii  284 

Gastric  tubules, ii  213 

Gelatine, ii    48 

composition  of, ii.    49 

influence  of,  upon  nutrition, 

ii.    50 
Generative  functions,  connection 

of  the  cerebellum  with, iv.  888 

Generation,  general  considerations, 

v.  254 

sexual, v.  258 

spontaneous,  so  called,  . .  .v.  258 

of  insects, v.  259 

of  infusoria, v.  260 

—  female  organs  of, v.  265 

general  arrangement  of  fe- 
male organs  o^ v.  268 

external  female  organs  of,.v.  287 

male  organs    and  elements 

of, v.  313 

male  elements  of, v.  822 

development  of  the  organs 

of; v.  420,  425,  426 

—  malformations  of  the  organs 

of, v.  427 

Genito-spinal  centre,.  ..iii.  185,  iv. 

488,  v.  819 
Genito  -  urinary  system,  develop- 
ment of,  v.  420,  425 

Germinal  matter, iii.  869 

Germinal  vesicle  and  spot, v.  291 

disappearance  of^ v.  854 
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Giraldes,  organ  of, v.  319 

Glands,  epithelium  of, ill.     18 

condition  of  circulation  in, 

during  functional  activity, . .  .iii.    21 

—  elimination  of  foreign  sub- 
stances by, iii.    27 

—  motor  nerves  of, . . iii.    81 

effects  of  destruction  of  the 

nerves  upon, iii.  33 

—  follicular, iii.  85 

tubular, iii.  85 

— —  racemose  (simple  and  com- 
pound),  iii.  85 

ductless,    or   blood  -  glands, 

iii.  86,  881 

—  termination  of  nerves  in,  .iv.    85 
Glandular  organs,  classification  of, 

iii.  35 

Glisson,  capsule  of;  in  the  liver,  iii  284 

Globuline, i.  90 

Globulins  in  the  lymph, .ii.  527 

Glosso-labial  paralysis, iv.  182 

Glossopharyngeal  nerve, v.  240 

—  physiological  anatomy  of,. v.  241 
general  properties  of, v.  248 

—  relations  of,  to  gustation, .  .v.  245 
Glottis,  closure  of,  in  deglutition, 

ii  196 
appearance  of,  during  ordi- 
nary respiration, iii.  498 

—  movements  of,  during  pho- 
nation, iii.  499 

Glucose, i.    50 

absorption  of,  by  the  lacte- 

als,.. ii.  446 

Gluten, ii.     52 

—  action  of,  as  a  ferment,. .  .ii.    58 
— —  action  of  the  gastric  juice 

upon, ii  262 

Gluten-bread, ii.  53 

Glutine, ii.  54 

Glycerine, i  62 

Glycine, ii  866,  iii  266 

Glycocholic  acid  and  glyoooholate 

of  soda, ii.  866,  iii.  266 

Glycocoll, iii.  266 

Glycogenesis  (see  liver), iii.  295 

Glycogenic  matter, iii.  817 

extraction  of, iii.  817 

Goat's  flesh,  as  an  article  of  food, 

ii.  73 

Graafian  follicles, ..v.  272 

—  coats  of, v.  277 

liquid  of; v.  277 

macula  of;. v.  292 


TAOM 

Graafian  follicles,  changes  of,  after 
their  rupture  (see  corpus  lute- 
urn), v.  807 

Gubernaculum  testis, v.  422 

Gum, ii     61 

Gustation, v.  232 

—  relations    of,    to    olfaction, 

v.  35,  232 

nerves  of; v.  284,  239 

relations  of  the  chorda  tym- 

pani  to, iv.  156,  v.  285 

loss  of,  in  facial  paralysis, 

v.  286 
persistence  of;  in  paralysis  of 

the  fifth  nerve, v.  237 

relations  of  the  glosso-pha- 

ryngeal  to, v.  245 

—  variations  of,  in  different 
parts  of  the  gustatory  mem- 
brane,   v.  246 

mechanism  of, ..v.  247 

—  organs  of, v.  248 

Hematine, i    92 

Heematoidine, i  117 

Hsmatosis, i  452 

Hcemadynamometer  of  Poiseuille, 

i  262,  26ft 

—  registering  instrument  of 
Ludwig  (note), i  264 

differential  instrument  of  Ber- 
nard (note), i.  26G 

Hair-cells  of  the  cochlea, v.  223 

Hairs,  situations  of, iii.  121 

—  varieties  of, iii  121 

courses  of, iii.  121 

length  of, iii  122 

number  of,  on  the  head, ..iii.  122 

elasticity  and  tenacity  of,.iii  122 

hygrometrio     and     electric 

properties  of, iii  123 

roots  of, iii.  123 

follicles  of, iii  128 

— -  summary  of  anatomy  of  the 

hair-follicles, iii.  125 

— — •  structure  of, iii.  126 

growth  of, .iii.  127 

sudden  blanching  of,.. . .  .iii.  127 

—  uses  of, iii.  181 

first  appearance  of, v.  897 

Haller,  vas  aberrans  of; v.  318 

Hamulus  of  the  cochlea, v.  215 

Hare-lip, v.  415 

Harmonics, v.  180,  182 

Harmony, v.  168, 188 
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Haversian    rods    and  canals   of 

bone, iii  481 

Head-register  of  the  voice,. Hi.  509,  511 

Heart,  anatomy  of, i.  176 

capacity  of  different  cavi- 
ties of, i.  170 

valves  of, i  181 

movements  of, i  183 

action  of  the  auricles, i.  184 

,  action  of  the  ventricles, . . . .  i.  1 85 

—  locomotion  of, i.  186 

twisting,  hardening,  short- 
ening, and  elongation  of,  . . .  .i.  187 

impulse  of, i.  191 

succession  of  "movements  of, 

i.  192 

force  o£ i.  197 

action  of  the  valves, i.  199 

sounds  of, i.  203 

cause  of  the  sounds  of,. . .  .i.  207 

relations  of  the  sounds  to 

the  blood-currents, i  210 

frequency  of  action  of,. . .  .i.  211 

influence  of  age  and  sex  on 

the  action  of, i.  212 

— —  influence  of  posture  and  mus- 
cular exertion, i.  218 

■■  influence  of  exercise, i  215 

influence  of  sleep, L  216 

influence  of  temperature, . .  i.  216 

—  influence  of  respiration  on 
the  action  of, i.  217 

cause  of  rhythmical  contrac- 
tions of, i.  220 

irritability  of; i.  222 

pulsations  of,  after  removal 

from  the  body, .i.  228 

—  effect  of  ligature  of  the  coro- 
nary arteries  on  pulsations  of,.L  225 

—  effect  of  emptying  the  cavi- 
ties,  L  226 

— -  influence  of  the  nervous  sys- 
tem on, i  228 

influence  of  .the  pneumogas- 

tricson, L  281 

—  effects  of  blows  on  the  epi- 
gastrium on, L  288 

—  variations  in  the  tempera- 
ture in  the  two  sides  of, . . .  .iii  401 

influence  of  the  spinal  acces- 
sory nerves  upon, iv.  176 

—  direct  influence  of  the  pneu- 
mogastrics  upon, iv.  225,  411 

■  influence  of  galvanization  of 
the  medulla  oblongata  upon,.iv.  411 


PAOS 

Heart,  nerves  in  the  substance 
of, iv.  422 

formation  of  the  interven- 
tricular septum  of, v.  432,  485 

—  development  of, v.  485 

formation  of  the  inter-auricu- 
lar septum  of, v.  485 

foramen  ovale  of, v.  435,  442 

relative  size  of,  in  the  foetus, 

v.  436 
hypertrophy  of,  during  preg- 
nancy,  v.  445 

Heat,  animal, iii.  394 

—  limits  of  normal  variations 

of; iii.  895 

variations  of,  with  external 

temperature iii  396 

variations    of,  in    different 

parts  of  the  body, iii.  398 

variations  of,  in  the  two  sides 

of  the  heart, iii.  401 

—  variations  of;  at  different  pe- 
riods of  life, iii.  404 

diurnal  variations  of, . . .  .iii  406 

influence  of  inanition  upon, 

iii  408 

influence  of  diet  upon,. .  .iii  409 

influence  of  alcohol  upon,. iii.  410 

—  influence  of  respiration  upon, 

iii.  411 

—  influence  of  exercise  upon,.iii.  412 
development  of,  observed  in 

a  detached  muscle,  artificially 

excited  to  contraction, iii.  414 

influence  of  mental  exertion 

upon, iii  415 

—  influence  of  the  nervous  sys- 
tem upon, iii.  415 

variations  in,  due  to  reflex 

action, iii.  416 

— —  influence  of  paralysis  upon, 

iii.  417 

sources  of, iii  418 

seat  of  the  production  of,. iii.  420 

relations  of,  to  nutrition,. iii.  422 

relations  of,  to  the  consump- 
tion of  nitrogenized  matter  and 
the  production  of  nitrogenized 
excrementitious  principles,,  .iii.  423 
relations  of,  to  the  consump- 
tion of  non-nitrogenized  matter, 

iii.  424 

relations  of,  to  respiration,. iii.  426 

consumption  of  oxygen  and 

production  of  carbonic  acid,  in 
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connection  with  the  evolution 

of, in.  427 

Heat,  animal,  influence  of  the  sym- 
pathetic system  of  nerves  upon, 

iil  480 

—  increase  of,  in  inflamed  parts, 

iii.  480 

—  intimate  nature  of  the  pro- 
cesses involved  in  the  produc- 
tion of, iii.  482 

equalization  of, iii  482 

—  effects  of  clothing  in  the 
equalization  of, iii.  438 

influence  of  cutaneous  exha- 
lation upon, iii.  488 

influence  of  the  sympathetic 

system  upon, iv.  481,  487 

Hemiopsia, v.    41 

Henle,  tubes  of,  in  the  kidney,. iii  154 

Hepatic  artery  (see  liver), iii.  286 

secretion  of  bile  after  oblit- 
eration of, iii.  258 

Hepatic  duct  (see  liver), iii.  286 

Hepatic  veins  (see  liver), iii.  238 

Hermaphroditism, v.  428 

Hernia,  congenital  diaphragmatic, 

v.  408 

—  inguinal, v.  427 

umbilical,  in    intra  -  uterine 

life, ..v.  406 

Hippocampi, iv.  412 

Hippurates,  in  the  urine, iiL  202 

in  the  blood, iii.  203 

Horner,  muscle  of, v.  139 

Horopter, v.  120 

Hunger, ii.  14-17 

location  of  sense  of, ii.     18 

nerves  which  convey  the  im- 
pression of,  to  the  brain,  . . .  .ii.    20 

Hyaloid  membrane, v.    65 

Hydatids  of  Morgagni, v.  815 

Hydro-carbons, i.  26,  48,  ii.  54 

Hydro-chlorate  of  ammonia,. . .  .i.    47 
Hydrochloric  acid,  question  of  the 
existence  of,  in  the  gastric  juice, 

ii.  287 
Hyoid  bone,  development  of, .  v.  412, 414 
Hypnogogic  hallucinations,. . .  .iv.  449 

Hypogastric  arteries, v.  432,  442 

Hypoglossal  nerve  (see  sublingual 

nerve), iv.  178 

Hypospadias, v.  427 

.  diots,  development  of  the  brain  in, 

iv.  838 


PA8B 

Reo-cflftcal  valve, ii.  885 

development  of, v.  407 

Ileum, ii.  811 

Iliac  veins,  development  of,. . .  .v.  434 
Imbibition  and  endosmosis,  .ii.  469-471 

Inanition, ii.    23 

loss  of  weight  in, ii.     25 

—  influence  of  age  upon  loss  of 
weight  in, ii    26 

proportionate  loss  in  differ- 
ent parts  of  the  body  in, ii.    27 

influence  of,  upon  the  blood 

and  the  circulation, ii    28 

influence  oi,  upon  respiration, 

ii.    29 

influence  of,  upon  the  animal 

temperature, ii.    29 

influence  of,  upon  the  nervous 

system, ii    31 

duration  of  life  in, ii    81 

influence  of  age  upon  the  du- 
ration of  life  in, ii     15 

Incisor  teeth, ii.  142 

Incisor  processes  and  teeth,  devel- 
opment of, v.  413 

Incus, , v.  157 

development  of, v.  41 1 

Inelastic  tissue, iii  454 

Infancy, v.  459 

Inferior  maxilla,  development  of,  v.  412 
Infra-costales,  action  of,  in  respira- 
tion,.. . i  887 

Infundibuliform  fascia, v.  814 

Infusoria,  generation  of,. v.  260 

Inorganic  principles,  general  con- 
siderations,   i.     25 

table  of,.. i     28 

division  into  essential  constit- 
uents of  the  tissues  and  those 

which  influence  nutrition, i,    47 

Inorganic  salts,  absorption,  of,  by 

the  lacteals, ii  446 

Inorganic,  matters,  office  of,  in  nu- 
trition,  iii  371 

Inosates,  in  the  urine, iii.  204 

Insalivation, ii.   155 

Insects,  generation  of, v.  269 

Inspiration,  muscles  of  (table),,  .i  368 

action  of  diaphragm  in,. .  ,.i  869 

action  of  scaleni, i  872 

action. of  intercostals, i  873 

movements  of  the  ribs  in,..i  374 

action  of  levatores  costarum, 

i  378 

—  auxiliary  muscles  of, i  378 
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Inspiration,  action  of  the  serratus 
posticus  superior, I  878 

—  action  of  the  sterno-mastoi- 
deus,  levator  anguli  scapulae,  and 
superior  portion  of  trapezius,. i.  379 

—  action  of  the  pectoralis  minor, 
inferior  portion  of  pectoralis  ma- 
jor, and  the  serratus  magnus,..i.  380 

Intercolumnar  fascia, v.  814 

Intercostal*,  internal,  action  of,  in 
respiration, i.  886 

Intermaxillary  process,  develop- 
ment of, v.  412,  413 

Intestinal  canal,  first  appearance 
of, v.  891,405 

— —  development  of, v.  405 

Intestinal  fistula,  case  of,  in  the 
human  subject, il  825 

Intestinal  juice, •. .  .il  322 

—  mode  of  collecting, ii.  822 

quantity  of, ii.  826 

reaction  of, ii.  827 

proportion  of  solid  matters  in, 

il  327 
——glandular  organs  concerned 

in  the  production  of, ii.  327 

— —  composition  of,  in  the  horse, 

ii.  827 
action  of,  in  digestion,. . .  .ii.  827 

—  action  of,  upon  starch, . .  .ii.  828 
want  of  action  of,  upon  cane- 
sugar,  ii.  328 

want  of  action  of,  upon  fats, 

il  328 

—  action  of,  upon  albuminoids, 

ii.  828 
Intestinal  secretions,  influence  of 

the  sympathetic  system  upon,  iv.  484 
Intestinal  villi,  development  of,. v.  407 

Intestine,  length  of, it  134 

Intestine,  small,  general  view  of 

the  arrangement  of,. ii.  137 

physiological    anatomy    of, 

ii.  808 

—  dimensions  of, , . . .  .ii.  809 

—  divisions  of, ii.  809 

—  mucous  membrane  of,. . .  .ii.  811 

glandular 'structures  of,. .  .ii.  313 

villi  of; il  815 

— —  solitary  glands  and  patches 

of  Peyer  in, ii.  819 

movements  of, .  .ii.  876,  378,  380 

causes  of  movements  of,. . . . 

ii.  378,  880 

—  uses  of  gases  in, il  379 
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Intestine,  small,  influence  of  the 
nervous  system  upon  the  move- 
ments of, ii.  381 

composition  of  gases  of, . .  .ii.  411 

absorption  in, il  421 

Intestine,  large,  physiological  anat- 
omy of, ii.  388 

peritoneal  coat  o£ ii.  386 

muscular  coat  o£ il  387 

—  mucous  membrane  of,. . .  .il  889 

ordinary  follicles  of, il  389 

utricular  glands  of, ii.  389 

closed  follicles  of, il  389 

—  secretion  of  the  mucous  mem- 
brane of, il  390 

—  changes  of  the  alimentary 
residue  m, il  891 

—  contents  of,. .    ii.  393 

movements  of,. ii.  404 

gases  of,.... il  412 

Intestines,  influence  of  the  pneu- 

mogastrics  upon, iv.  249 

Inuline, ii.     60 

Iris,  influence  of  the  motor  oculi 
communis  upon,  through  the  cil- 
iary nerves, iv.  181,  188 

reflex  action   of   the  optic 

lobes  upon, iv.  898 

general  structure  of, v.  51 

muscular  fibres  of, v.  53 

blood-vessels  of, v.  53 

nerves  of, v.  53 

—  movements  of, v.  96 

direct  action  of  light  upon,  v.     97 

action  of  the  nervous  system 

upon, v.  98 

nerve-centres  presiding  over 

the  movements  of, v.  101 

consensual  contraction  of,  .v.  102 

changes  in,  in  accommoda- 
tion,  v.  108 

development  of, v.  402 

Iron, ii.  65 

Irradiation,. v.  128 

Irritability  of  tissues, iil  462 

Irritability,  nervous  (see  nerves), 

iv.  91 

Ivory,  development  of, v.  417 

Jacob's  membrane,  v.     56 

Jejunum, ii.  811 

Jugular  veins,  development  of, ..v.  435 

Eeratine, I    91 

Kidneys,  effects  of  removal  of,  Hi  25,168 
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Kidney*,  differences  In  the  color  of 
the  blood  in  the  renal  artery  and 
vein, iiL    26 

— —  effects  of  destruction  of  the 
nerres  of, iiL  83, 174 

—  mucous  membrane  of  the 
pelvisof, iii.    49 

physiological  anatomy  of,.iii.  144 

— —  weight  of, iiL  145 

—  adipose  capsule  of, iiL  145 

pelvis  of, iii.  145,  178 

calices  of, iii.  146,  178 

—  infundibula  ci, iiL  145 

cortical  substance  of,.iii.  145,  149 

—  columns  of  Bertin, iiL  145 

pyramids  of   Malpighi    and 

Ferrein, iii.  146 

— —  secreting  and  excreting  por- 
tion of, iiL  147 

—  tubes  of  pyramidal  substance 

of  (tubes  of  Bellini), iii.  148 

Malpighian  bodies  of, Hi.  152 

tubes  of  the  cortical  sub- 
stance of, iii.  153 

narrow  tubes  of  Henle,.  ..iii.  154 

intermediate  tubes  in  the  cor- 
tical substance  of, iiL  155 

—  blood-vessels  of, iiL  156 

— —  blood-vessels  in  the  Malpig- 
hian bodies, iiL  157 

—  stars  of  Verheyn, iii.  159 

lymphatics  and  nerves  of^.iiL  159 

summary  of  the  anatomy  of, 

iii.  160 
— —  effects  of  extirpation  of  one 

kidney, iiL  170 

change  in  appetite  and  dis- 
position of  animals  after  remov- 
al of  one  kidney, iii.  170,  848 

condition  of  the  remaining 

kidney  after  removal  of  one,  .iii.  170 

—  separation  of  foreign  matters 
from  the  blood  by, iii.  175 

— -  alternation  in  the  action  of, 

iii.  176 
changes  in  the  composition 

of  the  blood  in, iiL  176 

absence  of  fibrin  in  the  blood 

of  the  renal  veins, iii.  177 

red  color  of  the  blood  of  the 

renal  veins, iii.  177 

development  of, .v.  424 

—  relative  size  of,  in  the  foetus, 

v.  424 
Krause,  terminal  bulbs  of,.iv.  42,  v.  142 


Labia,  development  of, t.  427 

Labyrinth,    general    arrangement 

of, v.  168 

membranous, v.  21S 

ligaments  of, v.  214 

distribution  of  nerves  in,,  .v.  218 

development  o£ v.  403 

Lachrymal  gland, v.  142 

Lachrymal  fluid, v.  144 

Lachrymal  sac  and  duct, v.  143 

Lachrymine, v.  145 

Lactates  in  the  urine, iiL  204 

Lactation  (see  milk), iiL    72 

unusual  cases  of, iiL    74 

condition  of  mammary  glands 

during  the  intervals  of, iiL    75 

structure  of  the  mammary 

glands  in  activity, iiL    76 

influence  of,  upon  ovulation 

and  menstruation, v.  454 

Lacteals, iL  435 

origin  of,  in  the  intestinal 

villi, iL  817 

discovery  of, iL  423 

Lactic  acid L    67 

— -  sources  and  function  of, . .  .L    68 
presence  of,  in  the  gastric 

juice, ii.  243 

Lactose, %  iii.    97 

Lacunae  of  bone, iiL  481 

Lamina  cribrosa, v.    42 

Lamina  spiralis, ......... .v.  165,  216 

Language, .iii.  490,  513 

location  of  the  nerve-centre 

presiding  over, iv.  350 

Laryngeal    nerve,    superior    (see 

pneumogastric), iv.  217 

inferior,  or    recurrent   (see 

pneumogastric), iv.  220 

Larynx,  anatomy  and  respiratory 

movements  of, L  858 

muscles  of, iii.  498 

arytenoid  muscle  of,. iii.  494,  495 

crico-thyroid  muscles  of^..iii. 

494,  495 
— —  lateral  crico-arytenoid  mus- 
cles of, iiL  494,  496 

posterior    crico  -  arytenoid 

muscles  of, iii.  495 

thyro-arytenoid  muscles  of, 

iii.  494,  496 
influence    of  the  recurrent 

laryngeal  nerves  upon, iv.  221 

development  of, v.  412, 414 

Laughing, L  396 
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Laxator  tympani v.  158 

Lecithene, iii.  262,  iv.  69 

Left-handednesB, v.  466 

Legumine, ii.     62 

Leguminous  roots,  leaves,  seeds, 

etc., ii.     97 

Lenses  (see  refraction), v.    77 

Lenticular  ganglion, iv.  419 

Leucocytes, i  121 

development  of,. . .  .i.  124,  v.  429 

proportion  of,  to  red  corpus- 
cles,  i.  126 

—  in  the  lymph, ii.  622 

—  development  of,  in  the  lymph 
and  in  a  clear  blastema,  .ii.  523-527 

Levatores  costarum,  action  of,  in 

respiration, i.  378 

Levator  anguli  scapulae,  action  of, 

in  respiration, i  879 

Levator  palati  muscle, ii.  185 

Levator  ani,  action  of,  in  defeca- 
tion,  _ ....ii.  408 

Lichenine, .* ii.    60 

Lieberkiihn,  follicles  of, ii.  814 

Lienine, .........  .iii.  841 

Life,  definition  of, .. .  .iii  869 

duration  of,- ......  v.  461 

Ligamentum  denticulatum, .  ...iv.  260 
Ligamentum     iridis    pectinatum, 

v.  47,  52 

Light,  theories  of, v.    78 

rate  of  propagation  of, ....  v.    73 

velocity  of  different  colored 

rays  of, v.    74 

length  of  waves  of, .v.    74 

analysis  of,. .v.    75 

Limbus  lamina*  spiralis, v.  215 

Lime,  acid  phosphate  oi,  in  the  gas- 
tric juice, ii.  245 

Lingual  glands,. -►.it  166 

Lips,  development  of, v.  418 

Liquors,  distilled, ii.  110 

malt, ii.  118 

Littre,  glands  of, v.  322. 

Liver,  influence  of  respiration  on 

the  circulation  in, ..i  822 

physiological    anatomy    of, 

•  iii  232 

weight  of, iu.  233 

ligaments  and  coverings  of, 

iii.  233 

—  lobules,  or  acini  of, iii.  234 

capsule  of  Glisson, iii.  234 

blood-vessels  of, iii    235 

■        vaginal  plexus  of, iii  235 

162 
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Liver,  interlobular  vessels  of,,  .iii.  23* 

lobular  vessels  of, iii.  23-7 

intralobular  veins  of,. . .  .iii  239 

structure  of  a  lobule  of,,  .iii  240» 

arrangement  of  the  bile-ducts 

in  the  lobules  of, iii  241 

excretory  biliary  passage8,.iii  245- 

racemose  glands  in, iii.  247 

vasa  aberrantia  of,. .... .  .iii  247 

gall-bladder,  hepatic,  cystic, 

and  common  ducts  of, iii.  248 

nerves  and  lymphatics  of,. iii.  249 

excretory  function  of,.. .  .iii.  277 

elimination    of   cholesterine 

by, iii  286. 

examinations  of  blood  going 

to  and  from  the  liver,  for  choles- 
terine, . .  .  .  •  ••  • ....  »•  .  .  .  •• .  .111.  *87 

production  of  sugar  by,,  .iii  295 

— r-  evidences  of  the  glycogenic 

function  of, iii.  296 

discovery  of  the  glycogenic 

function  of, iii  298 

examination  of  the  blood  of 

the  portal  system  for  sugar, .  iii.  303' 

examination  of  the  blood  of 

the  hepatic  veins  for  sugar, .  .iii  805 
experiments  showing  the  ab- 
sence of  sugar  in,.during  life,. iii.  809 

mechanism  of  the  formation 

of  sugar  by, iii.  816 

glycogenic  matter  in,. . .  .iii.  817 

extraction  of  glycogenic  mat- 
ter from, iii  817 

variations  in  the  glycogenic 

function  of, iii  821 

—  non-formation  of  sugar  by, 
in  the  early  months  of  foetal  life, 

iii.  322 

influence  of  digestion  and  of 

different  kinds  of  food  upon  the 
glycogenic  function  of, iii  822 

effects  of  deprivation  of  food 

upon  the  glycogenic  function  of, 

iii  824 

influence  of  the  nervous  sys- 
tem upon  the  glycogenic  func- 
tion of, iii.  324 

supposed  action  o^  in  the 

production  of  fat, iii  828 

—  changes  in  the  albuminoid 
and  corpuscular  elements  of  the 
blood  of, • iii.  829 

—  influence  of  the  pneumogas- 
trics  upon, .iv,  242 
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Liver,  development  of, v.  408 

relative  weight  of,  at  differ- 
ent periods  of  life, v.  409 

circulation  in, v.  484 

Liver-cells, iii.  240 

Liver-sugar, i.  50,  iii.  815 

Lobsters,  used  as  food, ii     85 

Lochia, v.  454 

Locomotion,  passive  organs  of,. UL  479 

Locomotor  ataxia, iv.  289,  v.     15 

Lungs,  anatomy  of  the  parenchyma 

of, i  361 

capacity  of, L  897 

carbonaceous  matter  in, . .  .i  864 

—  vital  capacity  of, i  408 

development  ofj v.  410 

Lymph, ii.  508 

— —  mode  of  obtaining, ii.  508 

quantity  of, ii.  510 

— -  general  properties  of,.ii.  511-513 

coloration  of,  after  discharge 

from  the  vessels, ii  512 

presence  of  red  blood-corpus- 
cles in, ... . ii.  512 

— -  coagulation  of, ii.  513 

composition  of, ii.  514-521 

— -  presence  of  sugar  in, .  ii.  520,  537 

presence  of  urea  in, . .  ii.  520,  528 

effects  of   abstinence  upon 

the  constitution  of, ii.  521 

differences  in  the  composi- 
tion of,  in  different  vessels,.  ..ii.  522 

corpuscular  elements  of,,  .ii.  522 

origin  of, ii.  527 

function  of, ii.  528 

Lymph    and    chyle,  comparative 

composition  of, .ii.  536 

— —  movements  of, ii.  538-540 

influence  of  the  forces  of  en- 

dosmosis  and  of  transudation 

on  the  movements  of, ii.  540 

influence  of  the  contractile 

walls  of    the  vessels   on   the 

movements  of, it  542 

influence  of  pressure  from 

surrounding  parts  on  the  move- 
ments of, ii.  543 

influence  of  the  movements 

of   respiration    on  the    move- 
ments of, ii.  544 

Lymphatics,  discovery  of, it  425 

physiological     anatomy    of, 

ii.  427 

mode  of  injection  of,  in  the 

skin, ii.  427 


Lymphatics,  relation  of  the  plexus 
of  origin  of,  to  the  blood-ves- 
sels,   ii  429 

diameter  of  vessels  of  origin 

of, ii.  429 

superficial  layer  ofj ii.  430 

deep  layer  of, ii.  480 

valves  of, ii.  431,  438 

slight  variation  of  size  of,  in 

their  course, it  431 

peculiarities  of,  in  the  brain 

and  spinal  cord, ii.  482,  488 

of  the  mucous  system,. . .  .ii  432 

of  the  serous  membranes,. ii.  488 

of  the  muscular  system,.,  .ii  438 

of  the    respiratory   system, 

ii  438 

of  the  glandular  system,,  .ii  433 

situations  in  which  they  have 

not  been  demonstrated, ii  434 

course  of,. ii  486 

structure  of; ii  486 

connections  of,  with  sur- 
rounding tissues, ii  487 

elasticity    and    contractility 

of, ii  439 

Lymphatic  glands,  number  and  sit- 
uation off ii  489 

structure  of, ii  440 

course  of  vessels  through,.ii  440 

follicles  of, ii  441 

arrangement  of  the  lymphat- 
ics in  the  interior  of, ii  442 

blood-vessels  of, ii  448 

nerves  of; ii  448 

function  of, ii  444 

Lymph-oorpuscles, ii  522 

function  of, ii  627 

Macaroni, ii    97 

Macula  acustica, v.  214 

Maoula  folliculi, v.  292 

Macula  lutea,. , v.    55 

Male  organs  and  elements  of  gen- 
eration,  • ». .  .v.  313 

Male  elements  of  generation,. .  .v.  322 
Malleus, v.  157 

—  development  of, ..v.  411 

Malpighi,  pyramids  of, iii  146 

corpuscles  of,  in  the  kidney, 

iii  152 
blood-vessels  in  the  corpus- 
cles of,  in  the  kidney, iii  167 

—  capsule    of,  in    the   spleen, 

iii.  834,  886 
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Malpighi,    corpuscles  of,  in   the 

spleen, iii  885 

Malt-liquors, .it  118 

Mammary  glands, iii.    72 

number  and  position  of,,  .iii.    73 

condition  of,  daring  the  inter- 
vals of  lactation, iii.  75,  80 

structure  of,  during  lactation,        c 

iii.    76 

—  nipple  and  areola  of, iii    76 

lactiferous  or  galactophorous 

ducts  of, iii.  77,  ?8 

sub-areolar  muscles  of; ...  iii    77 

lobes  and  lobules  of; iii.    78 

acini  of, iii    79 

secreting  vesicles  of, iii    79 

epithelium  of  the  secreting 

resides  of, iii.    79 

Mannite, H.    61 

Margarine  in  milk, iii    96 

Mariotte,  experiment  of, v.    87 

Marrow  of  the  bones, iii  483 

generation    of  bony   tissue 

from,  by  transplantation,. . .  .Hi  485 
Mastication, ii  138 

physiological    anatomy    of 

parts  concerned  in, ; . .  .ii.  139 

muscles  of, ii.  146 

action  in,  of  muscles  which 

depress  the  lower  jaw, ii.  147 

action  in,  of  muscles  which 

elevate  the  lower  jaw  and  move 
it  laterally  and  antero-posteri- 
orly, ii  149 

—  action  of  the  tongue,  lips, 
and  cheeks  in, ii  150 

—  summary  of  the  process  of, 

ii  158 

influence  of;  upon  the  parotid 

secretion, ii  160 

—  nerve  of  (see  fifth    nerve, 
small  root), iv.  189 

Maxillary  bone,  superior, ii  144 

inferior, .ii  144 

articulation  of,  with  the  tem- 
poral bone, ii.  145 

Meats, ii.     69 

from  non- domesticated  ani- 
mals,   ii     74 

from   animals  killed  before 

maturity, ii    74 

action  of  the  gastric  juice 

upon, ii.  255 

Meckel,  cartilage  of, v.  403,  413 

Meckel's  ganglion, iv.  419 
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Meconium, v.  409, 455 

Mediastinum  testis, v.  815 

Medulla  oblongata,  decussation  of 
the  motor  conductors  in,. . .  .iv.  283 

physiological  anatomy  of,. iv.  402 

origin  of  nerves  in, iv.  404 

—  functions  of, iv.  405 

—  connection  of,  with  respira- 
tion,  iv.  406 

influence  of  division  of  one 

lateral  half  of,  upon  respiration,    • 

iv.  409 

vital  point  in, iv.  410 

— —  connection  o£  with  various 

reflex  acts, iv.  411 

development  of; v.  400,  401 

Medullocells, iii.  483 

Meibomian  glands, iii  62,  v.  189 

secretion, iii.    70 

Meissner,  corpuscles  of, iv.    89 

Melanine, i    93 

Melody, v.  167,  177 

Membrana  basilaris  of  the  cochlea, 

v.  215 

Membrana  fusca, .v.    48 

Membrana  granulosa, v.  277 

Membrana  media,. v.  865 

Membrana  tectoria, v.  215 

Membrana  tympani,  structure  of,.v.  197 

cone  of  light  in, v.  199 

uses  of, v.  199 

artificial, v.  199 

voluntary  tension  of, ....  .v.  201 

loss  of, v.  205 

position  of,  in  persons  with  a 

musical  ear, v.  207 

Meniere's  disease,,  .iv.  869  (note), 

887,  v.  225 
Menstruation,  relations  of;  to  ovu- 
lation,   v.  295 

— —  analogy  of,  with  rut  in  the  in- 
ferior animals, v.  293,  296,  301 

in  monkeys, v.  302 

— —  phenomena  of, .v.  802 

—  after  extirpation  of  the  ova- 
ries,  v.  803 

different  stages  of; v.  804 

—  characters  of  the  flow, ...  .v.  305 
influence  of,  upon  the  elimi- 
nation of  urea,  the  pulse,  and 
the  temperature, v.  806 

changes  of  the  uterine  mu- 
cous membrane  in, v.  306 

—  arrest  of,  during  lactation,,  v.  454 
Mercury,  absorption  of, ii  464 
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M6ry,  glands  of; v.  322 

Merycismus  (see  Rumination),,  .it  295 

Mesentery,  derelopment  of; v.  407 

Mesocephalon  (see  tuber  annulare), 

iv.  898 

Mezzo-soprano  roioe, iil  504 

Micropyle, >....▼.  290,  852 

Middle  ear, v.  1541 

Middle    register    of    the    female 

voice, in.  509 

Milk,  as  an  article  of  food, ii.    76 

—  composition  of, ii.  77,  iiL  93 

mechanism  of  the  secretion 

o$ iil    80 

— -  disappearance  of  epithelium 

during  the  secretion  of, iiL    82 

proper  diet  during  lactation, 

iii.     83 

—  influence  of  liquid  ingesta 
upon  the  secretion  of; iii    84 

influence  of  alcohol  upon  the 

secretion  of, iil    84 

elimination  of  foreign  sub- 
stances in, iil    85 

—  influence  of  mental  emotions 
upon  the  secretion  of, iii.    85- 

—  influence  of  the  nervous  sys- 
tem upon  the  secretion  of,  ...iii.    8ft 

—  quantity  of, iii.     86 

—  general  properties  of, UK     88 

—  specific  gravity  of, iil     88 

reaction  of, iil    88 

coagulation  of; iii  89,  95 

—  separation  of  the  cream  from, 

iii    89 
microscopical  characters  of, 

iii    89 

—  nitrogenized  constituents  of, 

iii     94 

—  albumen  of, iii.    95 

—  non-nitrogenized  constituents 

of, iii.    96 

—  Bugar  of, iii     97 

inorganic  constituents  of, .iii    97 

gases  of, iii.    98 

—  variations  in  the  composition 

of, iii    98 

composition  of,  at  different 

periods  of  lactation, iii     99 

influence  of  menstruation  and 

pregnancy  upon  the  composition 

of, iii.  100 

—  comparative  composition  of, 
in  fair  and  dark  women,  and  in 
different  races, iii  100 


Milk,  influence  of  the  quantity  se- 
creted upon  the  composition  of; 

iii  102 

—  secretion  of,  in  the  newly- 
born, in.  106 

Milk-globules, iiL     90 

Milk-sugar, i     50 

Modiolus  of  the  cochlea, v.  215 

Molar  glands, ii  166 

Molar  teeth, ii  142,  148 

Mollusks,  used  as  food, ii     84 

Monocular  vision, «...  .v.  122 

Monsters,  conjoined, v.  452 

Morgagni,  hyatids  of, v.  315 

Motor  oculi  communis,  ....*...  .iv.  126 

physiological  anatomy  of,  .iv.  127 

— -  properties  and  functions  of, 

iv.  128 

muscles  of  the  eye  affected 

by  paralysis  of, iv.  129 

influence  of,  upon  the  iris, 

iv.  181,  138 

—  typical  case  of  paralysis  of, 

In  the  human  subject, iv.  134 

Motor  oculi  externus, iv.  136 

physiological  anatomy  of, .iv.  136 

properties  and  functions  of, 

iv.  137 

Mouth,  development  of, v.  419 

Movements,  general  considerations, 

iii.  436 
of  amorphous  contractile  sub- 
stance, (amoeboid  movement*)  iii  437 

of  cilia, iii  488 

due  to  elasticity, iii  442 

muscular iii  445 

Mucilages, ii    61 

Mucosine, i    89 

Mucous  follicles  of  the  stomach,.ii  214 
Mucous  membranes,  anatomical  di- 
vision of, iii.    46 

general  anatomy  o( iii.    47 

—  follicular  and  racemose 
glands  of, iii.    48 

of  the  bladder,  ureters,  and 

pelvis  of  the  kidney, iii.    49 

action  of,  in  resisting  the  ab- 
sorption of  venoms, iii.    57 

Mucus,  mixture  of,  in  the  gastric 
juice, ii  254 

mechanism  of  the  secretion 

of, iii.    49 

general  properties  of, ...  .iii    51 

microscopical  characters  of, 

iii.    52 
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Mucus,  composition  of; iii    52 

nasal,  composition  of,. . .  .iii    68 

bronchial   and    pulmonary, 

composition  of, iii    54 

secreted  by  the  mucous  mem- 
brane of  the  alimentary  canal, 

iii.    54 

—  from  the  urinary  passages, 

iii.  55,  217 
— —  from  the  generative  passages, 

in.    55 

conjunctival,. iii.    56 

general  function  of, iii.    56 

m  the  urine, iii.  217 

Miiller,  ducts  of, v.  421,  422 

—  development  of;  into  the  Fal- 
lopian tubes, y.  421,  422,  423 

Muscles,  involuntary,  anatomy  of, 

iii  446 

action  of, iii  448 

voluntary,  anatomy  of,.  •  .iii.  449 

primitive  fasciculi  of;. . .  .iii.  450 

— -  sarcolemma  of; iii.  451 

fibril!®  of, iii.  451 

sarcous  elements  of, iii.  462 

—  fibrous  and  adipose  tissue  in, 

ill  458 
perimysium  of, iii  454 

—  connective  tissue  of, iii  454 

blood-vessels  and  lymphatics 

of, iii.  456 

connection  of;  with  the  ten- 
dons,   iii  457 

chemical  composition  of,. iii  457 

physiological  properties   ofj 

iii  458 

—  elasticity  of, iii  459 

—  tonicity  of; iii  460 

sensibility  of, iii  460 

contractility  or  irritability  of; 

iii  461 

—  persistence  of  contractility 

in,  after  death, iii  462 

—  distinction  between  muscular 
and  nervous  irritability, iii.  463 

—  influence  of  woorara  upon 
the  irritability  of  the  nerves  of, 

iii  464 

influence  of  sulpho-cyanide 

of  potassium  upon  the  contrac- 
tility of, iii  465 

influence  of  the  nervous  sys- 
tem upon  the  irritability  of;,  iii  466 

—  influence  of  the  circulation 
upon  the  irritability  of, iii  466 


PAAl 

Muscles,  restoration  of  the  contrac- 
tility of;  by  injection  of  blood,.iii  467 

contraction  of, iii.  468 

shortening  and  hardening  of 

the  fibres  of; iii.  469 

no  variation  in  the  absolute 

volume  of;  during  contraction, 

iii  469 

—  changes  in  the  form  of  the 
fibres  of;  during  contraction,.iii  470 

contraction    of;  excited   by 

electricity  applied  to  the  nerve, 

iii  470 
single  contraction  of  (spasm), 

iii.  471 

—  period  of  a  single  contrac- 
tion and  relaxation  of; iii  472 

mechanism  of  prolonged  con- 
traction of  (tetanus), iii  474 

—  sound  produced  by  contrac- 
tion of; iii.  475 

fatigue  of, iii  476 

electric  phenomena  in,. .  .iii.  476 

Muscles  of  the  eyeball, v.  180 

general  action  of, v.  132 

associated  action  of, v.  185 

Muscles  of  the  eyelids, v.  189 

Muscles  of  the  middle  ear, v.  158 

Muscular  atrophy,  progressive,. iv.  448 

Muscular  effort, iii  477 

Muscular  sense,  so  called, v.    15 

Muscular  system,  development  of; 

v.  897 
Muscular  tissue,  comparison  of  the 
quality  of,  with  the  quality  of 

brain-substance, iv.  342 

— —  termination  of  the  nerves  in, 

iv.    29 

—  involuntary,  termination  of 
the  nerves  in, iv.    34 

Masculine, i  90,  ii  46,  iii  458 

Music,  early  history  of, v.  168 

Musical  scale, • .  .v.  176 

Musical  keys, v.  177 

Musical  intervals,. v.  178 

Musical  quality, v.  179 

Mussels  used  as  food, ii.    84 

Myeline, iv.    21 

Myelocytes, iv.  55,  860 

Myeloplaxes, iii.  484 

Myolemma, iii  451 

Myosine, iii  458 

Naboth,  ovules  of, v.  288 

Nails,  anatomy  of, • iii  118 
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Nails,  connections  of,  with  the  epi- 
dermis,   iii.  120 

growth  of, iii.  120 

first  appearance  of, v.  897 

Nares,  separation    of,  from    the 

mouth, v.  416 

—  separation  of,  from  each  oth- 
er,   v.  416 

Nasal  fossae, v.    25 

development  of, v.  416 

Negative  variation, iv.  120 

Nerve-cells,  varieties  of, iv.    46 

striatum  of  the  substance  of, 

by  the  action  of  nitrate  of  sil- 
ver,  iv.    48 

fibrillation  of  the  prolonga- 
tions ofy iv.    48 

connection    of,  with  nerve- 

fibrea  and  with  each  other, .  .iv.    50 
Nerve-centres,  structure  of,.. .  .iv.    45 

—  accessory    anatomical     ele- 
ments of, iv.    58 

connective  tissue  of, iv.  55 

blood-vessels  of, iv.  56 

perivascular  canals  of, . . .  .iv.  56 

—  trophic  (see  trophic), iv.  441 

Nerve-force, iv.  97 

non-identity  of,    with    elec- 
tricity,   iv.  98 

Nerves,  structure  of iv.     18 

medullated  fibres, iv.     19 

axis-cylinder,. . » iv.    21 

— —  striation  of  the  axis-cylinder  • 
by  the  action  of  nitrate  of  sil- 
ver,  .' iv.     22 

fibrillation  of  the  axis-cylin- 
der,.  iv.     28 

simple,  or  non  -  medullated 

fibres, . .  .iv.     28 

gelatinous  fibres,  or  fibres  of 

Remak, iv.  24,  425 

—  accessory    anatomical     ele- 
ments of, iv.     26 

pbrinivre  of, iv.     26 

fibrous  tissue  of, iv.     27 

branching  and  course  of,.iv.     28 

— —  termination  of,  in  voluntary 

muscles, '. . . .  .iv.     29 

terminal    plates  of,   in   the 

muscles, iv.    82 

termination  of,  in  involuntary 

muscles, iv.  84 

—  termination  of,  in  the  uterus, 

iv.     85 

—  termination  of,  in  glands, .  .iv.    85 


PACK 

Nerves,  sensory,  corpuscles  of  Pa- 
cini, or  of  Vater, iv.    87 

sensory,   tactile    corpuscles, 

iv.    39 

—  sensory,  general  mode  of  ter- 
mination of, iv.  44 

—  reunion  of  fibres  of  different 
properties, iv.    61 

motor  and  sensory, iv.    66 

anterior  and  posterior  roots 

of  the  spinal, iv.    67 

observations      of     Walker, 

Mayo,  Bell,  and  Magendie,  on 

the  spinal  roots  of, iv.68-73 

properties  of  the  posterior 

spinal  roots  of, iv.    79 

—  influence  of  the  ganglia  of 
the  posterior  spinal  roots  on  the 
nutrition  of, iv.    80 

properties   of  the    anterior 

spinal  roots  of, iv.    80 

—  recurrent  sensibility  of  the 
anterior  spinal  roots  of, iv.    81 

mode  of  action  of  the  motor 

filaments  of, iv.    84 

independent    action    of  the 

fibres  of, iv.    85 

mode  of  action  of  the  senso- 
ry filaments  of, iv.    88 

sensation  in  members  after 

amputation, iv.    89 

irritability  of, • . .  .iv.     91 

—  excitation  of^  by  galvanism, 

iv.93,  105 

action  of  woorara  upon, .  .iv.     94 

mode  of  disappearance  of  the 

irritability  of  the   motor  fila- 
ments of, iv.     96 

—  mode  of  disappearance  of  the 
sensibility  of, iv.    96 

— —  elevation  of  temperature  in, 
during  their  functional  activity, 

iv.  104 

action    of  electricity   upon 

(see  electricity), iv.  105 

galvanic  current  from  the  ex- 
terior to  the  cut  surface  of, .  .iv.  113 

spinal,  general  description  of, 

iv.  122 

cranial,  anatomical  classifica- 
tion of,..'. iv.  124 

—  cranial,  physiological  classifi- 
cation of  (see  different  cranial 
nerves  under  their  special 
names), iv.  125 
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Nerves,  ciliary,. iv.  138,  419 

Vidian, iv.  420 

cardiac  sympathetic, iv.  421 

splanchnic, iv.  422 

— —  solar  plexus, iv.  422 

—  in  the  substance  of  the  heart, 

iv.  422 
spiral  fibres  of  the  sympa- 
thetic,  iv.  426 

vaso-motor  (see  vaso-motor), 

iv.  485 
trophic  (see  trophic), iv.  441 

—  development  of, v.  898 

motor  nerves  of  the  glands, 

iii.    81 
Nervous  conduction,  rapidity  of, 

iv.    99 
Nervous  system,  influence  of,  upon 
secretion, iii.  24,    28 

—  excito-secretory, iii.    29 

influence  of,  upon  nutrition, 

iii  888 

general  considerations,.  ..iv.     18 

divisions  of, iv.     Iff 

sympathetic,  ganglionic,  or 

organic  (see  sympathetic),.  ..iv.  416 
development  of, v.  898 

—  functions  of,  in  the  foetus,. v.  404 
Nervous  tissue,  anatomical  divi- 
sions of, iv.    18 

composition  of, iv.    56 

fatty  principles  in, iv.    58 

regeneration  of, iv.    60 

Nervus  intercostalis, iv.  416 

Neural  canal, v.  860,  890,  398 

Neurine,  synthesis  of^. .  .iii.  195,  iv.  57 
Neurilemma  of  the  spinal  cord, 

iv.  260 

Neutral  point, iv.  120 

Nitrogen,  exhalation  o£  in  respira- 
tion,  i.  451 

of  the  blood, i.  465,  468 

— —  comparison  between  quanti- 
ty of,  discharged  and  ingested, 

iL  124 

Nitrogen  in  the  urine, iii  218 

Nitrogenized    alimentary    princi- 
ples,  ii.    45 

Nitrogenized    principles,    general 

considerations, i.  27,  69 

office  of,  in  nutrition,. . .  .iii.  873 

Nitrons  oxide,  effects  of  respira- 
tion of, i.  415 

Nodal  lines  in  vibrating  plates,. v.  194 
Nodes  in  vibrating  strings, v.  185 


PAOH 

Noise,  as  distinguished  from  sound, 

v.  171 
Non-nitrogenized  principles,..  A.  25,  48 

office  of,  in  nutrition,. . .  .iii.  878 

Non-nitrogenized  alimentary  prin- 
ciples,   ii.    54 

Nose,  development  of, v.  418,  414 

Notocorde, v.  893 

Nutrition,  general  considerations, 

iii.  866 
office  of  principles  (inorgan- 
ic) that  pass  through  the  organ- 
ism,  iii.  871 

office  of  principles  consumed 

in  the  organism, iii.  873 

office  of  nitrogenized  princi- 
ples,  iii.  878 

effects  of  systematic  diet  and 

exercise  upon, iii.  874 

office    of    non-nitrogenized 

principles, iii.  878 

influence  of  the  nervous  sys- 
tem upon, iii.  388 

influence  of  exercise  upon,  iii  388 

influence  of  age  upon,. . .  .iii.  390 

effects  of  division  of  the  fifth 

nerve  upon, iv.  197 

variations    in,    at    different 

ages, v.  460 

Oatmeal, ii.     91 

Oblique  muscles  of  the  eye,  action 

of, v.  134 

Obliquus  externus  and   internus, 

action  of,  in  respiration, L  388 

Odorous  principles, i.    66 

exhalation  of;  by  the  lungs,.i.  450 

(Esophagus,  general  description  of, 

ii.  186 

muscular  fibres  of, ii.  187 

mucous  membrane  of,.    .  .ii.  188 

action  of,  in  deglutition,.  ..iL  204 

intermittent  contractions  of 

the  lower  third  of, ii.  204 

action  of,  in  vomiting,. . .  .ii  303 

influence  of  the  pneumogas- 

trics  upon, iv.  241 

- development  of, .v.  408 

Oils  (see  fats), ii.    61 

Oken,  bodies  of  (see  Wolffian  bod- 
ies),  v.  420 

Old  age, v.  459 

Oleine,  in  milk, iii.     96 

Oleo-phosphoric  acid  and  its  com- 
pounds,  iv.    59 
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Olfaction, v.    26 

membrane  endowed  with  the 

sense  of, v.    26 

loss  of,  after  destruction  of 

the  olfactory  nerves  or  bulbs,.v.    30 

mechanism  of, ...  * v.    83 

distinction  between  odorous 

impressions   and    those  which 

affect  general  sensibility, v.    33 

relations  of,  to  gustation,.. v. 

85,232 

Olfactory  bulbs, v.    28 

Olfactory  cells,. ... v.    28 

Olfactory  lobes,  nerves,  and  com- 
missures, development  of, ... .  .v.  403 
Olfactory     nerves,    physiological 

anatomy  of, ....v.    27 

general  properties  of, v.    29 

— —  insensibility  of,  to  ordinary 

impressions,  . ... v.     29 

Olivary  bodies  (see  medulla  ob- 
longata),  iv.  403 

Omentum,  development  of, v.  407 

Omphalomesenteric  canal, v.  867 

Omphalomesenteric  vessels,. .  .v. 

867,  481,  434 

Onions, ii.    99 

Ophthalmic  ganglion, iv.  419 

Optic  commissures, v.    39 

Optic  lobes,  functions  of, iv.  396 

extirpation  of,. : iv.  897 

action  of,  upon  the  iris,,  .iv.  898 

Optic  nerves,  physiological  anat- 
omy of, v.    38 

general  properties  of, v.    43 

— -  insensibility  of,  to  ordinary 

impressions,. . . « v.    43 

expansion  of,  in  the  retina,. v.    59 

Optic  thaiami,  effects  of  lesion  of, 

'  iv.  387 

—  functions  ofj iv.  394 

development  of, v.  899,  401 

Optic  tracts, v.    89 

Optic  vesicles, v.  402 

Ora  serrate, v.     55 

Orbit, v.  188 

Organic  non-nitrogenized    princi- 
ples, general  considerations,.!.  27,  69 
Organic    nitrogenized    principles, 
composition,     properties,    and 
condition  of,  in  the  organism,,  i.     71 

table  of, i.    75 

summary  of  properties  of,  .i.     93 

Organic  matter,  exhalation  of,  in 
respiration, i.  449 


PASS 

Organic    system    of  nerves  (see 

sympathetic), iv.  416 

Orgasm,  venereal,. . .  .v.  885,  836,  340 

Osmazome, ii.    87 

Ossicles  of  the  ear, v.  157,  200 

mechanism  of, v.  209 

articulations  of, v.  209 

development  of, v.  403 

Osteine, I    91 

Otoliths,  or  otoconia, L  18,  v.  214 

Ova,  primordial, v.  274,  289 

Ovarian  tubes, v.  274 

Ovaries, v.  269 

—  formation  of  the  ligaments 

of, v.  428 

Overtones, v.  182 

Ovulation,  independent  of  coitus, 

v.  294 

relations  of,  to  menstruation, 

v.  295 

arrest  of,  during  lactation,. v.  454 

Ovules  of  Naboth, v.  283 

Ovum  and  ovulation, .v.  288 

Ovum,  structure  of, v.  289 

vitelline  membrane, v.  289 

vitellus, v.  290 

germinal  vesicle   and  spot, 

v.  291 

discharge  ofj v.  292 

passage  of,  into  the  Fallo- 
pian tubes, v.  296 

passage  of,  from  an  ovary 

into  the  Fallopian  tube  of  the 

opposite  side,  v.  299 

disappearance  of  the  germi- 
nal vesicle,. v.  354 

passage  of,  into  the  uterus, 

after  fecundation, v.  358 

villositics  of,". v.  868 

Oxalate   of  lime,  in    the    urine, 

iiL  208 

Oxygen,  discovery  of, i.  412 

minimum  proportion  in  the 

air  which  will  support  life,...  .i.  414 

effects  of  confining  animals 

in  an  atmosphere  ofj i.  415 

—  consumption  o£  in  respira- 
tion,  i.  416,  476 

influence  of  temperature  on 

the  consumption  of,. ...... ..i.  420 

influence  of  age, i.  421 

consumption  of,  in  hiberna- 
tion,.  i.  422 

absorption  o£  by  blood-cor- 
puscles,  i.  455 
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Oxygen,  proportion  ofj  in  arterial 

and  venous  blood, L  464 

— -  condition  of,  in  the  blood,.. i.  466 

in  the  urine, iiL  218 

Oysters,  used  as  food, ii.    84 

Ozone, i.  414 

Pacini,  corpuscles  o£ \  .iv.  37 

Palate,  muscles  of, ii  185 

—  influence  of  the  facial  nerve 
upon  the  movements  of, iv.  159 

Palatine  arch,  development  of,.. v.  416 
Pancreas,  physiological  anatomy 

of, iL  880 

situation  of  the  duct  of,  in 

the  rabbit, iL  345 

effects  of  destruction  of,,  .it  847 

—  cases  of  disorganization  of, 

in  the  human  subject, iL  848 

— —  summary  of  functions  of^.iL  857 

development  of, v.  409 

Pancreatic  juice,  mode  of  obtain- 
ing the  pure  secretion, iL  882 

—  secretion  of, iL  886 

— —  composition  of, iL  888 

quantity  o^ iL  340 

—  decomposition  of, iL  840 

—  reaction  of,  with  chlorine,.ii.  841 

—  action  of,  in  digestion,.  ...ii.  841 
action  of,  upon  fats, .  .iL  842-850 

—  action  of,  upon  starch,.. .  .ii.  850 

—  action  of,  upon  sugar,. . .  .iL  858 
action  of,  upon  nitrogenized 

principles, ii.  854 

Pancreatine, L  88,  ii.  839 

Panification, iL    94 

Papilla  of  the  tongue, v.  249 

Paralysis  from  disease  or  injury  of 

the  cerebellum, tv.  890 

alternate, iv.  147,  401 

Parotid  gland  (see  saliva), iL  156 

—  motor  nerve  of, Hi.    82 

Parovarium, v.  278,  422 

Parsnips, ii.    99 

Parturition,  causes  of, v.  452 

—  premature,  induced  by  arti- 
ficial means, v.  452 

reflex  action  in, v.  458 

—  arrest  of  haemorrhage  after, 

v.  386,  453 

after  death, v.  461 

Par  vagum  nerve  (see  pneumogas- 

tric), iv.  208 

Patheticus  nerve, iv.  184 

—  physiological  anatomy  of^.iv.  135 


paoi 
Patheticus  nerve,  properties  and 

functions  o£ iv.  185 

Pectine, ii.    60 

Pectoral  muscles,  action  of,  in  res- 
piration,  '.  A.  380 

Pectose, .' ii.    60 

Peduncles  of  the  cerebellum,  prop- 
erties of, iv.  415 

Penis,  development  of, v.  427 

Pepsin, i.  88,  ii.  235 

mode  of  extraction  of, . . .  .iL  286 

Peptic  glands, ii.  218 

Peptones, ii.  268 

Pericardial  secretion, iiL    42 

Perimysium, -iiL  454 

Perinivre, iv.     26 

Periosteum, iii.  485 

——generation   of  bony    tissue 

from,  by  transplantation,. .  ..iii.  486 
Peristaltic   movements,  influence 

of  the  bile  upon, ii.  371,  380 

— —  of  the  small  intestine  (see 

intestine,  small), iL  876 

Peritoneal  secretion, iiL    44 

Perivascular  canal-system  of  the 

nerve-centres, iv.  261 

Perry, ii.  114 

Perspiration  (see  sweat), iii.  131 

effects  of  covering  the  entire 

surface  with    an  impermeable 

coating, Hi.  132 

Pettenkofer's  test  for  bile, Hi.  275 

Peyerian  patches,  anatomy  of, .  .ii.  319 

secretion  from, H.  824 

Pharyngeal  branches  of  the  pneu- 
mogastrics  (see  pneumogastric), 

iv.  217 

Pharyngeal  glands, ii    167 

Pharynx,  general  description  oi, 

iL  182 
— —  muscles  of,. ii.  184 

—  mucous  membrane  of,. . .  .ii.  185 

—  development  of, v.  407 

Phonation  (see  voice), iii.  490 

movements  of  the  glottis  in, 

iii.  499 
influence  of  the  spinal  acces- 
sory nerve  upon, iv.  171 

influence  of   the    recurrent 

laryngeal  branches  of  the  pneu- 

mogastrics  upon, iv.  221 

Phosphate  of  lime,. ii.    65 

action  of  gastric  juice  upon, 

iL  270 
table  of  quantity  of; L    40 


504 


GENERAL  INDEX  TO  THE  FIVE  VOLUMES. 


PAM 

Phosphates  of  magnesia,  soda,  and 

potassa, ~. L    45 

Phosphates  in  the  urine, iii.  218 

derivation  ofJ iii.  214 

—  influence  of  food  upon  the 
elimination  of, iii.  214 

comparative  proportion    ofj 

in  the  carnivora  and  the  her- 

bivora, iii.  214 

connection  of  the  elimination 

of,  with  disassimilation  of  the 

nervous  tissue, iii  215,  281 

variations  in  the  elimination 

of, iii.  216 

Phosphates,  daily  elimination  of, 

lit  216 

Physiology,  definition  of, L     14 

Pia  mater, iv.  260 

first  appearance  of, v.  898 

Pia  mater  testis, .v.  816 

Picromel, ii.  866,  iii.  262 

Piezometer  (note), i.  267 

Pig's  feet  used  as  food, ii.    76 

Pineal  gland, iii.  865,  iv.  412 

Pitch  (see  sound), v.  178 

Pituitary  body, iii.  864,  iv.  412 

Pituitary  membrane, v.    25 

Placenta,  development  of,,  .v.  861,  877 
time  of  limitation  of, v.  870 

—  maternal  portion  of, v.  878 

injection  of,  while  attached 

to  the  uterus, v.  879,  881 

relations  of  the  festal  tq  the 

maternal  portions  of,. . .  v.  879,  882 

curling  arteries  of,.  ...v.  880,  885 

structure  of, v.  888 

dissepiments  of, v.  383 

utricular  glands  of, v.  384 

blood-vessels  of, v.  884 

fatal  villi  of, v.  885 

—  separation  of,  in  parturition, 

v.  886 

in  cases  of  twins, v.  451 

Placental  circulation,  development 

of, v.  482 

Pleural  cavity,  absorption  from,  ii.  457 

Pleural  secretion, iii.    44 

Pleuro-peritoneal  cavity,  first  ap- 
pearance of, v.  891 

Plica?  palmatffi, v.  283 

Plica  semilunaris, v.  141 

Pneumate  of  soda, i.    69 

Pneumic  acid, i.    68 

action  of,  on  the  bicarbonates 

in  the  blood, i.  446 


Pneumogastric  nerve, iv.  208 

—  physiological  anatomy  of^iv.  204 

anastomoses  of, iv.  205 

distribution  of, iv.  206 

depressor-nerve  of  the  circu- 
lation,  iv.  208,  281 

properties  and  functions  of, 

iv.  211 
— —  properties  of  the  roots  of,.iv.  212 

—  properties  and  functions  of 
the  auricular  branches  o£. .  .iv.  216 

properties  and  functions  of 

the  pharyngeal  branches  of,..iv.  217 

properties  and  functions  of 

the  superior  laryngeal  branches 
of, iv.  217 

influence  of  the  superior  la- 
ryngeal branches  of,  upon  deglu- 
tition,  iv.  218 

— —  properties  and  functions  of 
the  inferior,,  or  recurrent  laryn- 
geal branches  of, iv.  220 

—  influence  of  the  recurrent  la- 
ryngeal branches  of,  upon  pho- 
nation, iv.  221 

— —  influence  of  the  recurrent  la- 
ryngeal branches  of,  upon  the 
respiratory  movements  of  the 
larynx, iv.  222 

cardiac  branches  of, iv.  228 

influence  of  section  of,  upon 

the  circulation, .iv.  228 

influence  of  galvanization  of, 

upon  the  circulation, iv.  220 

■  direct  influence  of,  upon  the 
heart, iv.  225 

reflex  influence  of,  upon  the 

circulation, iv.  228 

properties  and  functions  of 

the  pulmonary  branches  of,,  .iv.  288 

effects  of  division  of,  upon 

respiration, iv.  234 

effects  of   galvanization  of, 
upon  respiration, iv.  238 

properties  and  functions  of 

the  oesophageal  branches  of,  .iv.  241 

properties  and  functions  of 

the  abdominal  branches  of,,  .iv.  242 

influence  of,  upon  the  liver, 

iv.  242 

influence  of,  upon  the  stom- 
ach,   iv.  245 

influence  of,  upon  digestion,iv.  248 

influence  of,  upon  the  intes- 
tines,  iv.  249 
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Pneumogastrio  nerve,  summary  of 
the  properties  and  functions  of, 

iv.  261 

■        anaesthesia  produced  by  com- 
pression of  (note), iv.  256 

influence  of  section  of,  upon 

stomach-digestion, ,ii.  284 

Poisonous  gases,  exhalation  of,  by 
the  lungs, i.  450 

Poisons,  absorption  of,  by  the  lac- 
teals, ii  447 

Polar  globule. v.  355 

Pons  varolii  (see  tuber  annulare), 

iv.  898 

development  of, v.  400 

Pork, U.    78 

Portal  vein  (see  liver), iii.  285 

—  secretion  of  bile  after  oblit- 
eration of, lit  258 

—  development  of,. v.  484 

Porter, ii.  118 

Potato, ii.     98 

— — —  composition  of, ii.     98 

'    sweet, ii.    98 

Pregnancy,  influence  of,  upon  sub- 
sequent feoundations, v.  846 

duration  of, v.  446-448 

—  multiple, v.  451 

—  Fallopian  and  abdominal,.. v.  452 
Prehension  of  solids  and  liquids, 

iL  187 
Primitive  trace  of  the  embryon, 

v.  868,  859 

Prisms,  refraction  by, v.    75 

Prostate, v.  821 

Prostatic  fluid,. .. v.  821,  824 

Protagon, iv.     57 

Proteine, L    78 

Protoplasm, iii  868,  437 

Proximate  principles,  general  con- 
siderations,  i.  20-24 

—  inorganic, i.     25 

do.  (table), i.     28 

—  organic  non-nitrogenized, .  .L    25 
■     organic  nitrogenized, i.     27 

Ptyaline, ii.  171 

■  •action  of,  upon  starch,. . .  .iL  171 

Puberty, v.  800,  459 

Pubertv  and  menstruation, v.  800 

Pulmonary    artery,    pressure    of 

blood  in, i.  841 

— —  first  appearance  of,. .  .v.  432,  483 
Pulmonary  circulation,-  first  estab- 
lishment of,  at  birth, v.  441 

Pulp-cavitv  of  the  teeth ii  142 
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Pulse,  mechanism  of  production  of, 

i.  252 

—  frequency  of, i  212 

form  of, i.  254 

—  dicrotic, ,i.  257 

—  variations  in  the  character 

of, i.  260 

influence  of  temperature  on,.i.  260 

Puncta  lachrymalia, v.  143 

Punctum  caecum, v.  87,  90 

Pupil, v.  61,  402 

Pupillary  membrane, v.  54,  402 

Purkinje,  vesicle  of, v.  291 

Purpurine, iii.  21 7 

Putrefaction, i.     73 

of  the  body  after  death, ...  v.  463 

Pyloric  muscle, ii.  210 

Quadrilateral  canal  of  the  cochlea, 

v.  220 

Ration  of  the  British  soldier, .  .ii.  126 
of  the   United   States    sol- 
dier,  ii  127 

Receptaculum  chyli,  discovery  of, 

ii.  425 
Recti  muscles  of  the  eyeball,  action 

of, , v.  188 

Rectum,  muscular  fibres  of,. . .  .ii.  887 

mucous  membrane  of,. . .  .ii.  890 

Recurrent  laryngeal  branches  of 
the  pneumogastricB  (see  pneu- 

mogastric), iv.  220 

Recurrent  sensibility  of  the  ante- 
rior roots  of  the  spinal  nerves, 

iv.  81 
Reflex  action,  definition  o(. . .  .iv.  299 
— — -  of  the  brain,  in  dreams,,  .iv. 

800,449 

of  the  spinal  cord, iv.  800 

in    animals    poisoned  with 

strychnine  or  opium, iv.  810 

in  decapitated  animals, . .  .iv.  811 

—  of  the  sympathetic  svstem, 

iv.  429,  487 

Refraction  by  lenses, v.    77 

Refraction,  mechanism  of,  in  the 

eye, v.    89 

by  the  cornea  and  crystal- 
line lens, -. v.    91 

Regurgitation  from  the  stomach, 

ii  292 

Reissner,  membrane  o£ v.  215 

Remak,  fibres  of, iv.  24,  425 

Rennet.... i    87 
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Reptiles  used  as  food, ii.  83 

Reserve  air, i.  400 

Residual  air, L  399 

Resonators  of  Helmholtz, v.  184 

Respiration,  influence  of;  on  the 

action  of  the  heart, L  217 

— —  general  considerations, ...  .1  353 

— -  movement*  of;. L  366 

frequency  of  movement*  of,.t  391 

movements  of  the  ribs  in,,  .i.  374 

types  of; I  889 

—  relations  of  inspiration  and 
expiration, L  392 

relations  in  volume  of  in- 
spired and  expired  air, L  406 

changes  of  the  air  in  (histori- 
cal considerations), t  409 

—  consumption  of  oxygen  in 
(see  oxygen), i.  416 

effect  of  confining  an  animal 

in  a  mixture  of  oxygen  and  hy- 
drogen,  L  422 

exhalation  of  carbonic  acid 

(see  carbonic  acid), i.  424 

relations  between  the  quan- 
tity of  oxygen  consumed  and 
carbonic  acid  exhaled, L  448 

—  exhalation  of  watery  vapor, 

i.  446 

exhalation  of  ammonia,..  •  X  448 

— -  exhalation  of  organic  matter, 

L  449 

— -  exhalation  of  alcohol, i.  460 

exhalation  of  odorous  prin- 
ciples,  i.  450 

exhalation  of  certain  poison- 
ous gases, L  450 

exhalation  of  nitrogen,. . .  .i.  451 

——  changes  of  the  blood  in, ...  L  452 

absorption  of  oxygen  by  the 

blood-corpuscles, i.  455 

proportions  of  gases  in  ve- 
nous and  arterial  blood,.. i  456, 

464-470 

relations  of,  to  nutrition,,  .i.  472 

combustion-theory  of,.L  478-476 

consumption  of  oxygen,. .  .i.  476 

—  production  of  carbonic  acid, 

i.  478 

—  cutaneous, L  489 

—  influence  of  the  pneumogas- 
trics  upon, iv.  223 

sense  of  want  of  air,  .iv.  236,  408 

effects  of  galvanization    of 

the  pneumogastrics  upon,. .  .iv.  288 


'  Respiration,  connection  of  the  me- 

i      dull*  oblongata  with, iv.  406 

.  — —  influence  of  dividing  one  lat- 
eral half  of  the  medulla  oblon- 
gata upon, hr.  409 

cause  of  first  effort  of,  at 

birth, v.  442 

Respiratory  efforts  before  birth, 

i.  487,  v.  404,  441 
Respiratory  organs,  anatomy  of,.L  357 
Respiratory  sounds  (murmurs), .  X  893 
Respiratory  sense,  the  sensation 
inducing     respiratory     move- 
ments,  L  479-484 

Respiratory    surface,    absorption 

from, ii.  455 

Respiratory  system,  development 

of; v.  410 

Resultant  tones, v.  187 

Rete  testis, v.  816 

Retina, v.    54 

extent  and  thickness  of, . .  .v.    55 

—  ora  serrata,. v.    55 

— —  yellow  spot  of  (macula  lu- 

tea), v.    55 

—  layers  of; ....v.    55 

—  rods  and  cones  of  (bacillar 
membrane,  or  Jacob's  mem- 
brane),  v.  56,  56 

external  granule4ayer  of; .  .v.    68 

inter-granule  layer  of  (cone- 
fibre  plexus), v.    68 

internal  granule-layer  of, .  .v.     58 

granular  layer  of, v#    58 

layer  of  ganglion-cells, ...  .v.    58 

—  expansion  of  the  optic  nerve, 

v.    69 

blood-vessels  of, ▼.    60 

— —  comparative  sensibility  to 
light  of  different  portions  of;  .v.    88 

Rice, ii.    92 

Right-handedness  (see  dextral  pre- 
eminence),   v.  456 

Rima  glottidis,  development  of,. v.  410 
Roasting,  in  the  preparation  of 

food, ii.    88 

Rolling  and  turning  movements 
following  injury  of  certain  parts 

of  the  encephalon, iv.  412 

Rosenmuller,  organ  of,. . .  .v.  278,  422 

Ruloff,  brain  of, iv.  848 

Rumination, iL  292 

course  of  the  food  in, ii  298 

in  the  human  Bubject,. . .  .it  295 

Rye, it    91 
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Saccule  of  the  labyrinth, v.  214 

Sacro-lumbalis,  action  of,  in  res- 
piration,  i.  889 

Saliva, ii.  156 

functions  of, ii  174 

action  o£  upon  starch, ....  it  174 

—  action  of  the  pure  secretion 
from  the  different  glands,  upon 
starcn, it  175 

mechanical  functions  of,.,  ii  180 

■       secretions  from  the  smaller 
glands  of  the  mouth,  tongue, 

and  pharynx, ii  166 

Saliva,  mixed, ii  167 

excitation  of  secretion  of,. ii.  168 

quantity  of, ii.  169 

general  properties  of, ii.  170 

—  composition  of,  ii  171 

—  reaction  of,  with  the  perchlo- 
rideof  iron, ii  172 

Saliva,  parotid, ii  156 

mode  of  obtaining  the  pure 

secretion  from  the  human  sub- 
ject,  ii  157 

—  composition  of,  in  the  human 
subject, ii.  167 

— -  comparison  of,  with  the  mixed 
saliva,  in  the  human  subject,. ii  158 

—  organic  principle  of^ ii  159 

sulpho-cyanide  in, Ji.  159 

influence  of  mastication  upon 

the  secretion  of, ii  160 

—  alternation  in  the  secretion 

of,  on  the  two  sides, ii  160 

influence  of  gustatory  im- 
pressions upon  the  secretion  of, 

ii  161 

— -  functions  of, . .  Ji  162 

Saliva,  sublingual, Ji.  164 

—  general  properties  o£.. . .  Ji.  165 

—  secretion  of, ii  165 

Saliva,  submaxillary, Ji.  162 

— —  composition  and  properties 

of, Ji.  168 

influence   of  gustatory  im- 
pressions upon  the  secretion  ofj 

ii.  164 

Salsify, ii    99 

Saponification, i    62 

Barcode,  movements  of, ..... .  .iii  487 

Sarcolemma, .iii.  451 

Sarcous  elements, iii  452 

Sauerkraut, ii    99 

Savors,. . . : v.  282 

Seals  of  the  cochlea, v.  215 


PAGK 

Scalene  muscles,  action  of,  in  res- 
piration,   i.  872 

Scallops,  used  as  food, ii.  84 

Scarpa,  humor  of, v.  218 

Schlemm,  canal  o£ v.  68 

Schneiderian  mucous  membrane, 

v.  25 

Sclerotic, v.  45 

development  of, .v.  402 

Scrotum, v.  814 

Sebaceous  fluids,  varieties  of,,  .iii.  57 
Sebaceous  glands,  structure  of,.iii.  58 
— —  connection  of,  with  the  hair- 
follicles,  iii  58* 

first  appearance  of, v.  897 

Sebaceous  matter, iii.  68 

microscopical  appearances  of, 

in.  64 

—  composition  of, iii  65 

Sebum, iii.  68 

Secondary  membrana  tympani,.v. 

156,  165 
Secreting  organs,  general  struct- 
ure of, iii    88 

classification  of, iii.    85 

Secreting  membranes, iii.    85 

Secretion,  condition  of  the  circula- 
tion in, iii    20 

intermittent    character    of, 

iii.    22 

action   of    the    nerves   in, 

iii.  24,  28 

—  influence  of  the  composition 

of  the  blood^upon, iii.    27 

influence  of  blood-pressure 

upon, ,r....iii    27 

— modifications  of  the  influence 
of  pressure,  through  the  nerves, 

iii.    28 

excito- secretory  system  of 

nerves, iii.    29 

reflex  action  in, iii    82 

influence    of    pain,    mental 

emotions,  etc.,  upon,. ..... .iii    88 

distinction    from    transuda- 
tion,  iii.    84 

influence  of  the  sympathetic 

system  upon, iv.  484 

Secretions,     general     considera- 
tions,  iii.     18 

relations  of,  to  nutrition,. iii.    14 

definition  of, iii.     14 

division  o£ iii     15 

-. —  distinction  from  excretions, 

iii    16 
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Secretions,  fluids  produced  by  sim- 
ple transudation,  sometimes 
called  secretions, iii.    17 

—  mechanism  of  the  produc- 
tion of, iii.  18,  22,  23 

— —  action  of  epithelium  in  the 
production  of, iii.     18 

—  formation  of  characteristic 
elements  of, til.     19 

elimination  of  foreign  sub- 
stances in, iii.     27 

classification  of, iii.    87 

Semen, v.  823 

in  advanced  age, v.  829 

ejaculation  of, v.  335 

Semicircular  canals, iv.  387, 

v.  165,  214 
functions  of, v.  224 

—  development  of, v.  403 

Semilunar  ganglia, iv.  422 

Seminal  vesicles, v.  820,  327 

Seminiferous  tubes, v.  816 

structure  of,  before  puberty, 

v.  827 

Semivowels, iii.  514 

Septum  lucidum,  development  of, 

v.  401 
Septum  transversum  of  the  semi- 
circular canals, v.  219 

Serotina, v.  383 

Serous  membranes, iii.     39 

— —  structure  of, iii.    40 

Serous  secretions, iii.  48,  44 

Serratus  posticus  superior,  action 

of,  in  respiration, i.  878 

Serratus  magnus,  action  of,  in  res- 
piration,   i.  880 

Serum,  characters  of, .i.  146 

Sex  of  offspring,  determination  of, 

v.  845 

Sexual  generation, v.  258 

Sexual  intercourse,  normal  fre- 
quency of, v.  338 

Sexual  orgasm,  in  the  male,. . .  .v.  385 

in  the  female, v.  336,  340 

Shrimps,  used  as  food, ii.     85 

Sighing, i.  896 

Sight  (see  vision), v.     87 

Silicic  acid,  in  the  urine, iii.  216 

Sinus  terminalis  of  the  area  vascu- 

losa, v.  430 

Siren,  mechanism  of, v.  174 

Skeleton,  development  of, v.  398 

—  os<i,1.ution  of, v.  896 

Skin,  absjrption  from,. ii.  461 
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Skin,  transudation  from,  in  a  bath, 

it  454 

general  function  of, iii.  110 

general  appearance  of, . .  .iii  111 

extent  and  thickness  of,.. iii.  112 

layers  ot, iii.  113 

— —  muscles  of,. iii  113 

—  true  skin,  or  oorium,.. . .  .iii.  114 

—  contraction  of  non-striated 
muscles  in  the  substance  of^.iii.  114 

reticulated  layer  of, iii.  114 

papillary  layer  of, .iii.  115 

—  epidermis  of  (see  epidermis), 

iii.  116 

—  effects  of  covering  the  entire 
surface  with  an  impermeable 
coating, iii.  132 

amount  of  exhalation  from, 

iii  139,  483 

—  discoloration  of,  accompany- 
ing disorganization  of  the  supra- 
renal capsules, iii.  854 

—  first  appearance  of, .-v.  897 

Skull,  development  and  ossifica- 
tion of, t.  895 

Sleep, iv.  446 

at  different  periods  of  life,  iv.  447 

—  influence  of  heat  and  cold 
upon, iv.  446 

—  action  of  the  mind  during 
(see  dreams), ir.  449,  452 

—  condition  of  general  sensibil- 
ity and  of  the  special  senses  in, 

iv.  453 

theories  of, .iv.  458 

cerebral  circulation  in,  i.  384, 

iv.  454 
■  production  of,  by  compres- 
sion of  the  carotids, iv.  455 

tendency  to,  produced  by  lig- 
ature of  both  carotids, iv.  456 

physiological  repair  of  the 

brain  during, iv.  458 

theory  that  it  is  due  to  want 

of  oxygen, iv.  459 

influence  of,  upon  various  of 

the  functions  of  the  organism,iv.  461 

Smegma  preputiale, iii.    66 

of  the  labia  minora, iii.    66 

Smell  (see  olfaction), v.    25 

Snails,  used  as  food, ii.     84 

Sneezing, .1  395 

Snoring, , i.  393 

Soaps, .L  62,  66 

Sobbing, i.  396 


GENERAL  INDEX  TO  THE  FTVE  VOLUMES. 


509 


PAQS 

Solitary  glands  of  the  intestine,. ii.  819 
Sommerring,  yellow  spot  of,. . .  .v.     55 

Soprano  voice iii.  504 

Sound,  physics  of; v.  166 

laws  of  vibrations  of, v.  169 

vibrations  of,  in  vacuo,.. .  .v.  169 

intensity  of, v.  170 

reflection  and  refraction  of,,  v.  171 

as  distinguished  from  noise, 

v.  171 

pitch  of, v.  178 

range  of  vibrations  of;  in  mu- 
sic,   % .  v.  174 

—  quality  of, v.  179 

harmonics,  or  overtones,,  .v.  182 

two  sounds  producing  silence, 

v.  190 

Soup,  formula  for  making, ii.    87 

Special  senses,  general  characters 

of, y.     12 

Speech,  mechanism  of, Hi.  518 

action  of  the  tongue  in,,  .iii.  515 

Spermatic  cord, v.  314 

Spermatozoids, v.  825 

—  intermediate  segment  of,,  .v.  826 
influence  of  reagents,   cold, 

etc.,  upon  the  movements  of,. v.  826 

development  of, v.  828 

mechanism  of  the  penetration 

of,  into  the  uterus, v.  837 

—  course  of,  through  the  female 
generative  passages,. v.  341 

— —  passage  of,  through  the  vitel- 
line membrane, v.  852 

—:-  passage  of,  through  a  delicate 
animal  membrane, v.  853 

—  number  of,  necessary  for  fe- 
cundation,   v.  353 

Sphenopalatine  ganglion, iv.  419 

Spherical  aberration, v.     80 

partial  correction  of,  by  the 

iris, v.     81 

correction  of,  in  compound 

lenses, .v.     82 

Sphincter  of  the  rectum,  internal, 

ii.  389 

external, it  890 

of  O'Beirne, ii.  407 

Sphygmograph  of  Marey, i.  255 

of  Vierordt, L  256 

Spina  bifida, v.  895 

Spinal  accessory  nerve, iv.  166 

physiological  anatomy  of,. iv.  167 

—  properties  and  functions  of, 

iv.  169 


PAoa 
Spinal  accessory  nerve,  functions 
of  the  internal  branch  of,. . .  .iv.  170 

—  influence  of,  upon  phonation, 

iv.  171 

—  extirpation  of,  in    animals, 

iv.  172 

influence  of,  upon  deglutition, 

iv.  175 

—  influence  of,  upon  the  heart, 

iv.  176 
-——functions    of    the    external 

branch  of,. iv.  177 

Spinal  cord,  regeneration  of,  after 

partial  exsection, iv.    65 

physiological  anatomy  of,. iv.  264 

filum  terminate  of, iv.  265 

columns  of; iv.  266 

proportion  of  white  to  gray 

substance  in, iv.  266 

central  canal  of,. .  .iv.  266,  v.  898 

cornua  of  the  gray  substance 

of, iv.  267 

direction  of  the  fibres  of,.iv.  268  • 

general  properties  of,. . .  .iv.  278 

effects  of  galvanization  of  the 

anterolateral  columns  of,  iv.  274,  276 

effects    of   galvanization   of 

the  posterior  columns  of,  iv.  275,  276 
inexcitability  and  insensibil- 
ity of  the  gray  substance  of, 

iv.  277,  278 

excitability  and  insensibility 

of  the  anterolateral  columns  of, 

iv.  278 

limits  of  the  sensibility  of  the 

posterior  columns  of, iv.  278 

action  of,  as  a  conductor, .iv.  279 

transmission  of  motoj*  stimu- 
lus by,  iv.  280 

situation  of  the  motor  con- 
ductors in  different  regions  of, 

iv.  281 

—  functions  of  the  lateral  col- 
umns of, iv.  282 

decussation    of    the    motor 

conductors  of,  in  the  medulla 
oblongata, iv.  283 

decussation  of  the  motor  con- 
ductors of,  in  the  cervical  region, 

iv.  288 

transmission  of  sensory  im- 
pressions in, iv.  285 

—  probable  functions  of  the  pos- 
terior white  columns  of,  in  mus- 
cular coordination, iv.  289 
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Spinal  cord,   decussation  of  the 

sensory  conductors  of, iv.  290 

summary  of  the  action  of,  as 

a  conductor, iv.  295 

» action  ofj  as  a  nerve-centre, 

iv.  298 
reflex  action  of  (see  reflex  ac- 
tion),  iv.  800 

development  of, v.  398 

Spiral  canal  of  the  cochlea,. v.  165,  215 

Spleen,  anatomy  of, iii  332 

capsule  of  Malpighi, iii.  334 

—  fibrous  structure  of  (trabecu- 
lar  iii-  885 

Malpighian    corpuscles    of, 

iii.  335 

blood  -  corpuscle  -  containing 

cells  of, iii.  838 

vessels  and  nerves  of,. . .  .iii.  339 

chemical  constitution  of, ..iii.  841 

functions  of, iii.  841 

increase  of  the  white  corpus- 
cles of  the  blood  in, iii.  342 

diminution  of  the  red  corpus- 
cles of  the  blood  in, iii.  348 

variations  in  the  volume  of, 

during  life, iii.  348 

action  of,  as  a  diverticulum, 

for  the  blood, iii.  344 

extirpation  of, iii.  845 

voracity  in  animals  after  ex- 
tirpation of, iii.  346 

ferocity  in  animals  after  ex- 
tirpation of, iii  34? 

first  appearance  of, v.  409 

Spleen-pulp, .iii.  387 

Spontaneous  generation,  so  called, 

v.  268 

Stapedius  muscle, v.  159 

Stapes, v.  157 

development  of, v.  412,  413 

Starch, ii.     5ft 

proportion    of,  in    different 

vegetables, it     66 

granules  of, ii     58 

tests  for, ii.     58 

changes  of,  into  dextrine  and 

glucose, ii     59 

principles  resembling, . . .  ii.    60 

action  of   the  saliva  upon, 

ii.  174 

action  of  the  gastric  juice 

upon, ii.  269 

action  of  the  intestinal  juice 

upon, ii.  828 


TABU 

Starch,  action  of  the  pancreatic 

juice  upon, ii  350 

summary  of  the  process  of 

digestion  of, ii.  852 

Stercorine, ii.  399,  v.  455 

extraction  of, ii  399 

crystals  of, „ . .  .ii  400 

—  formation  of,  from  choles- 
terine, ii  402 

^— in  the  faeces, iii.  291 

Stereoscope, v.  125 

Sterno-mastoideus,  action  of,  in 

respiration, i  879 

Stewing,  in   the   preparation    of 

food, ii    88 

St  Martin,  case  of, ii  228 

Stomach,    physiological    anatomy 

of, ii  135,  208 

movements  of, ii  136,  287 

muscular  coat  of, ii  209 

mucous  membrane  of,. . .  .ii.  212 

glandular  apparatus  of, .  •  .ii.  212 

character  of  the  glands  in 

different  parts  of, ii  212,  214 

mucous  follicles  o£ ii  214 

closed  follicles  of, ii.  217 

fistula  into, ii  220 

duration  of  digestion  in,,  .ii.  271 

immunity  of,  from  digestion 

by  the  gastric  juice  during  life, 

ii.  275 
-— —  existence  of  living  animals  in, 

ii  277 
digestion  of  parts  of  living 

animals  in, ii  277 

—  protection  of  walls  of,  from 
digestion  during  life,  by  the  al- 
kalinity of  the  blood, ii  279 

protection  of  the  walls  of,from 

digestion  during  life,  by  the  cat- 
alytic processes  of  nutrition,. ii  281 

influence  of  section  of  the 

pneumogastric  nerves  upon  the 

movements  of, ii  285 

difference  between  the  mus- 
cular contractions  of,  in  the  car- 
diac and  in  the  pyloric  portion, 

ii  990 

regurgitation  from, ii  292 

anatomy  of,  in  ruminating 

animals  (note), ii.  293 

gases  of, ...ii  411 

absorption  from, ii.  421 

influence  of  the  pneumogas- 

trics  upon, iv.  245 
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Stomach,  development  ofj v.  406 

Stomach-glands, ii.  218 

Stomach-tubes,  muscular  fibres 
surrounding  extremities  of,..ii.  217 

Strings,  subdivisions  of,  in  vibra- 
tion,  v.  188 

Styloid  ligament,  development  of; 

v.  412,  418 

Stylo-pharyngeus  muscle, ii  184 

Subclavian  arteries,  development 
of; v.  482 

Subclavian  veins,  development  of, 

v.  485 

Sublingual  gland  (see  sublingual 
saliva), ii.  164 

Sublingual  nerve, iv.  178 

—  physiological  anatomy  of,.iv.  178 
'  ganglion  upon  the  root  of, 

iv.  179 

—  properties  and  functions  of, 

iv.  180 

effects  of  section  of; iv.  182 

influence  of,  upon  degluti- 
tion,  iv.  182 

influence  of;  upon  the  sub- 
maxillary gland, iv.  429 

Submaxillary  ganglion, iv.  420 

Submaxillary  gland  (see  submaxil- 
lary saliva), ii.  162 

difference  in  the  color  of  the 

blood  in  the  artery  and  vein  of, 

iii.    20 

— —  motor  nerve  of, iii    81 

Substantia  gelatinosa  of  the  spinal 

cord, iv.  267 

Sudoric  acid, iii.  142 

Sudoriparous  glands,  anatomy  of, 

iii.  184 

length  of  coil  of, iii.  187 

development  of,.. v.  897 

Suffocation,  sense  of, i.  484 

Sugar, i.  49,  ii.  56 

—  varieties  of, i.     50 

'  union  of,  with  chloride  of 

sodium, i     60 

composition  and  properties 

of, i    50 

— -  fermentation  of, L     51 

lactic-acid   fermentation  of, 

i.     51 
— —  influence  of  solution  of,  on 
polarized  light,... i.    52 

—  tests  for,  Moore's  or  the  pot- 
ash-test; Trommer's  test,. .  ..i.     52 

—  Barreswil's  test,. . .  .i  55,  iii.  802 

163 


PAOI 

Sugar,  Maumene''s  test,  fermenta- 
tion test,  Bdttger's  test, i.     56 

Fehling's  test, Hi.  301 

formation  of  toruli, i.     58 

origin  and  functions  of, ...  .i.    68 

—  formation  of,  in  the  foetus, 
and  influence  of,  on  cell -de- 
velopment,  i.    59 

destruction  of,  in  the  lungs, 

i.     69 

action  of  the  gastric  juice 

upon, ii.  268 

action  of  the  pancreatic  juice 

upon, it  858 

presence  of;  in  the  lymph 

and  chyle, ii.  520,  687 

production  of,  in  the  liver, 

iii.  295 
process  for   the  determina- 
tion of,  in  the  liver  and  blood, 

iii.  300 

examination  of  the  blood  of 

the  portal  system  for, iii.  808 

examination  of  the  blood  of 

the  hepatic  veins  for, iii.  305 

——examination    of  the    blood 

from  the  right  heart  for,. . .  .iii.  806 
characteristics*  of  sugar  pro- 
duced by  the  liver, iii.  815 

production  of;  in  the  liver, 

iii.  816 
— -  effects  of  inhalation  of  ir- 
ritating vapors  on  the  produc- 
tion of; iii.  827 

—  influence  of  the  nervous 
system  on  the  ■  production  of, 

iii.  823 
destination  of;  in  the  econ- 
omy,  iii  828 

—  office  of,  in  nutrition, ...  .iii.  379 

Sugar  of  milk, iii.     97 

Sulphates  of  soda,  potassa,  and 

lime, i.    46 

Sulphates  in  the  urine, iii.  213 

Sulpho-cyanide  in  the  parotid  sali- 
va,   ii  159 

—  in  the  mixed  saliva, ii.  172 

Sulpho-cyanide  of  potassium,  in- 
fluence of;  upon  the  muscles, 

iii.  465 
Sulphuretted  hydrogen,  exhalation 

of,  by  the  lungs,. i.  450 

Summation  tones, v.  187 

Superfecundation, v.  847 

SuperfoBtation, v.  347 
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Superior  maxilla,  development  of, 

v.  412,  418 

Suprarenal  capsules, Hi.  349 

structure  of, iii.  350 

vessels  and  nerves  of, .. .  .iii.  858 

chemical  reactions  of,. . .  .iii.  853 

functions  of, iii.  854 

—  discoloration  of  the  skin  ac- 
companying disorganization  of, 

iii.  854 

extirpation  ofj iii.  356 

development  'of, v.  424 

Sweat,  mechanism  of  the  secre- 
tion of, iii.  187 

—  influence  of  the  nervous  svs- 
tern  on  the  secretion  of, iii.  188 

quantity  of, iii.  139 

general  properties  of, . . .  .iii.  140 

composition  of, iii.  141 

peculiarities    of,    in    certain 

parts, iii.  142 

urea  in, iii.  142 

Sweet-breads, ii.     76 

Sympathetic  nervous  system,.  ..iv.  416 

general  arrangement  of, .  .iv.  418 

cranial  ganglia  of, iv.  419 

cervical  ganglia  of, iv.  421 

cardiac  nerves  of, iv.  421 

thoracic  ganglia  of, iv.  422 

pulmonary  plexus  of, iv.  422 

—  splanchnic  nerves, iv.  422 

solar  plexus, iv.  422 

semilunar  ganglia, iv.  422 

lumbar  and  pelvic  ganglia  of, 

iv.  423 

uterine  nerves  of, iv.  428 

peculiarities  in  the  intimate 

structure  of, iv.  424 

connections  of,  with  cerebro- 
spinal nerves, iv.  424 

— —  spiral  fibres  of,. iv.  426 

sensibility  and  excitability  of, 

iv.  426 
— r-  influence  of  stimulation   of 
parts  of,  upon  the  intestines, 

iv.  428 
influence  of,  upon  the  sub- 
maxillary gland, .iv.  429 

reflex  action  in, iv.  429,  437 

functions  of, iv.  430 

division  of  the  sympathetic 

cord  in  the  neck, iv.  431 

influence    of,    upon    animal 

heat,   secretion  of  sweat,  etc., 

iv.  481,  437 


TAAW 

Sympathetic  nervous  system,  in- 
fluence of,  upon  the  circula- 
tion,  iv,  482,  48S 

influence  of,  upon  secretion, 

iv.  434 

influence  of,  upon  the  urine, 

iv.  434 
influence  of,  upon  the  intes- 
tinal secretions, iv.  484 

influence    of,    upon    certain 

psychical  acts, iv.  438 

cases  of  disease  or  injury  of, 

in  the  human  subject, iv.  440 

experiments  upon,  in  a  de- 
capitated criminal, iv.  440 

Sympexions, iii.  860,  365,  v.  324 

Synovial  membranes, iii    40 

Synovial  fringes, iii.     42 

Synovial  fluid, iii    44 

—  composition  of, iii.    45 

Tactile  corpuscles, iv.     39 

Tao-foo, ii.     52 

Tarsal  cartilages, v.  139 

Taste  (see  gustation),. .  .iv.  156,  v.  282 
Taste-buds,  or  taste-beakers, . .  .v.  251 

Taste-cells, v.  252 

Tastes,  as  distinguished  from  fla- 
vors,  v.  238 

Taurine, ii.  866,  iii  265 

Taurocholate  of  soda,.  ..ii.  867,  iii  268 

Taurocholio  acid, ii.  366,  iii.  265 

Tea, ..it  118 

composition  of, ii.  119 

varieties  of, ii.  120 

preparation  of,  for  use,. .  .ii  120 

Tears, v.  144 

Teeth,  physiological  anatomy  of, 

u.  139,  142 

enamel, ii.  139 

dentine, ii.  140 

cement, ii.  141 

pulp-cavity  of, ii.  142 

uses  of  sensibility  of,  in  mas- 
tication,  ii.  152 

development  of, v.  416 

temporary,  eruption  of,. .  .v.  418 

^—permanent,  development  of, 

v.  418 

order  of  appearance  of,. .  .v.  418 

Temperature,  influence   of,  upon 

endosmosis, ii.  499 

appreciation  of, v.    22 

Tendons,  connection  of,  with  mus- 
cles,  iii.  451 
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Tenesmus, ii.  408 

Tenor  voice, iii.  604 

Tensor-palati  muscle, ii.  185 

Tensor  tympani, v.  158,  211 

Tentorium, iv.  259 

Terminal    bulbs   of   the    sensory 

nerves, iv.    42 

Terrapins,  used  as  food, ii    83 

Testicles, v.  814 

tunica  vaginalis  of, . . .  v.  314,  423 

tunica  albuginea  of, v.  315 

—  mediastinum  of, v.  815 

tunica  vasculosa  of  (pia  ma- 
ter testis), v.  316 

vasa  recta  of, v.  816 

vasa  efferentia  of, .v.  316 

vas  aberrans  ofj v.  318 

development  of, v.  422 

descent  of, v.  422,  428 

gubernaculum  of, v.  422 

movements  of,  produced  by 

irritation  of  the  cerebellum, .  .iv. 

368,  389 

Theine, ii.  119 

Thirst, ii.    21 

—  location  of  sensation  of, . .  .ii.    22 
relief  of,  by  immersion  of  the 

body  in  water, .ii.  454 

Thoracic  duct,  discovery  of,. . .  .it  422 

—  anatomy  of, ii.  435 

— —  effects  of  obliteration  of,,  .ii.  448 

—  fistula  into, ii.  508 

quantity   of  fluid    obtained 

from  a  fistula  into, ii.  509 

Thronine, v.  145 

Thymus  gland, iii.  361 

Thyro-arytenoid  muscles,,  .iii.  494,  496 

Thyroid  gland, iii.  359 

structure  of, iii.  360 

functions  of, iii.  861 

Tidal  air, L  401 

Titillation, v.     22 

Tones  by  influence, v.  192 

Tongue,  action  of,  in    drinking, 

ii.  187 

—  action  of,  in  mastication, .  .ii.  151 

—  action  of,  in  deglutition,,  .ii.  189 

action  of,  in  phonation,.  .iii.  508 

action  of,  in  speech, iii.  515 

papillae  of, v.  249 

development  ofJ v.  413,  414 

Tonsils, ii.  167 

Tooth-pulp,  development  of,. . .  .v.  417 

Toruli  cerevisin, i.     58 

Touch,  sense  of, v.     17 


paob 
Touch,  variations  in  tactile  sensi- 
bility in  different  parts,... .v.  17,  21 
measurement  of  tactile  sensi- 
bility,  v.     18 

relations  of  tactile  corpuscles 

to  the  sense  of  touch, v.     20 

table  of  variations  in  tactile 

sensibility  in  different  parts, .  .v.     21 

Trachea,  anatomy  of, i.  360 

action  of,  in  phonation,.  .iii.  507 

—  development  of, v.  410 

Tractus  spiralis  foraminulentus,.v.  219 

Training, iii.  374 

Transfusion  of  blood,,  .i.  97-99,  v.  461 

Transudation, ii.505 

influence  of  pressure  in  the 

blood-vessels  upon, ii.  506 

influence  of  the  constitution 

t)f  the  blood  upon, ii.  506 

distinction    from    secretion, 

iii.     34 
Transversalis,  action  of,  in  respi- 
ration,   i.  388 

Trapezius,  action  of,  in  respiration, 

i.  379 
Triangularis  sterni,  action  of,  in 

respiration, i.  387 

Trichina  spiralis, ii.     73 

Trifacial  nerve, iv.  184 

physiological  anatomy  of,.iv.  184 

Gasserian  ganglion  of,. .  .iv.  185 

properties  and  functions  of, 

iv.  189 
division  of,   in  the   cranial 

cavity, iv.  190 

immediate  effects  of  division 

.     of, iv.  192 

exquisite  sensibility  of,.,  .iv.  193 

remote  effects  of  division  of, 

iv.  196 
effects  of  division  of,  upon 

nutrition, iv.  198 

paralysis  of,  in  the  human 

subject, iv.  201 

Trigone, iii  181 

Tripe, ii.     76 

Triphthongs, iii.  514 

Trochlearis  nerve  (see  patheticus), 

iv.  134 
Trophic  centres    and  nerves,  so 

called, iv.  441 

—  progressive    muscular  atro- 
phy,   iv.  443 

Tuber    annulare,   properties    and 
functions  of, iv.  898 
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Tuber  annulare,  alternate  paralysis 

in  lesions  of, iv.  147,  401 

Tubercula  quadrigemina,  functions 

of, iv.  896 

extirpation  of, iv.  397 

action  of;  upon  the  iris,,  .iv.  398 

development  of; .v.  400,  401 

Tunica  albuginea  testis, v.  315 

Tunica  Ruyschiana, v.    48 

Tunica  vaginalis  testis,. . .  .v.  314,  428 

secretion  of, iii    44 

Tunica  vasculosa  (pia  mater)  tes- 
tis,  v.  816 

Turtles,  used  as  food, ii    88 

Twins,  one  a  horse  and  the  other  a 

mule, v.  848 

one  a  white  child  a*d  the 

other  black, v.  848,  452 

—  one  male  and  the  other  fe-    * 
male, v.  350 

— —  can  two  beings  be  developed 

from  a  single  ovum  ? v.  451 

membranes  and  placenta  in 

cases  of,. v.  451 

— .  Siamese, v.  452 

Tympanum, v.  155 

membrane  of  (see  membrana 

tympani), v.  197 

development  of, v.  412,  418 

Umbilical  arteries, v.  482 

Umbilical  arteries  and  veins,  color 

of  blood  in, v.  441 

Umbilical  cord v.  870 

—  valvular  folds  in  the  vessels 

of, v.  872 

Umbilical  hernia,  in  the  earlier  pe- 
riods of  foetal  life, v.  867, 

372,  406 

Umbilical  vein, v.  434,  448 

Umbilical  vesicle, v.  867 

Umbilicus,  amniotic, v.  868 

intestinal, v.  367 

Umbo, v.  198 

Urachus, v.  378,  405 

Urates,  formation  of, iii.  202 

Urea,  presence  of,  in  the  lymph 
and  chyle, ii.  520,  528,  iii.  164 

—  accumulation  of,  in  the  cir- 
culation, after  removal  of  the 
kidneys, Hi.  25,  168 

— —  proportion  of,  in  the  renal 
artery  and  renal  vein, iii.  164 

— —  presence  of,  in  the  blood, 
after  tying  both  ureters, iii  167 


pj 

Urea,  situations  of;  in  the  econo- 
my,  iii  194 

chemical  formula  of, iii  195 

synthesis  of; iii  195 

change  of;  into  carbonate  of 

ammonia, iii  195 

— —  crystals  of; iii  196 

origin  of, iii  196 

alleged  formation  of,  from 

other  excrementitious  matters, 

iii  199 

daily  elimination  of, iii  200 

influence  of  muscular  exer- 
cise upon  the  elimination  of; 

iii  226 
Ureters,  mucous   membrane   of, 

iii.  49,  178 

anatomy  of; iii  178 

movements  of,  on  the  appli- 
cation of  galvanism, iii  182 

development  of, v.  424 

malformations  of, v.  424 

Urethra, Ui.  182 

first  appearance  of, v.  405 

glands  of; v.  822 

Uric  acid,  compounds  of,  in  the 

urine, iii.  200 

daily  elimination  of; iii  202 

Urina  potus,  urina  dbi,  and  urina 

sanguinis, iii  224 

Urinary  apparatus,    development 

of, v.  424 

Urinary   passages,    anatomy    of, 

iii  178 
Urine,  mechanism  of  the  formation 

of, Ui  162 

influence  of  mental  emotions 

on  the  secretion  of, iii  172 

—  influence   of  blood-pressure 

on  the  secretion  of, iii  172 

—  influence  of  special  nerves 

on  the  secretion  of,. iii  173 

effects  of  irritation  of  the 

floor  of  the  fourth  ventricle  up- 
on the  secretion  of,.. iii   173 

arrest  of  the  secretion  of;  by 

division  of  the  spinal  cord, . .  .iii  173 

effects  of  division  of  all  the 

nerves  of  the  kidney  on  the  se- 
cretion of, iii.  174 

—  passage  into,  of  foreign  mat- 
ters from  the  blood, iii.  17ft 

constant  formation  of,. .  ..iii  175 

alternation  in  the  secretion 

of,  on  the  two  sides, .iii  176 
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Urine,  mechanism  of  the  dis- 
charge of, iii  182 

general  properties  of,. . .  .iii.  187 

—  temperature  of, iii.  188 

— *-  quantity  of; • iii.  188 

specific  gravity  o£ ..... .iil  189 

reaction  o£ iii.  189 

cause  of  acidity  of, iii.  191 

composition  of; .iii  191 

—  urea  of  (see  urea),. iii  194 

urates  of; iii  200 

hippurates  of; iii.  202 

lactates  of; iii.  204 

inosates  o£ iii  204 

creatine  and  creatinine  of;  iii  204 

oxalate  of  lime  of; iii.  208 

xanthine  of, iii.  209 

fatty  matter  of; iii  210 

—  inorganic  constituents  of,..iil  210 

— —  chlorides  of, iii  211 

sulphates  of, iii  218 

—  phosphates  of; iii  218 

— -  silicic  acid  of, iii  216 

■  coloring  matter  and  mucus 
o$ iii  217 

—  gases  of, iii.  218 

variations  in  the  composition 

of; iii.  219 

variations  of,  with  age  and 
sex, iii  220 

—  composition  of,  in  the  foetus, 

iii.  221 

—  variations  of,  at  different  sea- 
sons and  at  different  periods  of 
the  day, iii  222 

—  variations  of,  with  food,,  .iii  228 
— —  influence  of  muscular  exer- 
cise upon  the  composition  of,  iii.  226 

influence  of  mental  exertion 

upon  the  composition  of;. . .  .iii  229 

—  influence  of  the  sympathetic 
system  upon, iv.  484 

Urrosaeine, I    98 

Urrosacine,  urochrome,  urohfBma- 

tine,  uroxanthine, iii  217 

Uterus,  position  of; v.  267 

ligaments  of; v.  267 

form,  size,  and  weight  of,  .v.  279 

muscular  walls  of, .v.  280 

—  mucous  membrane  of, v.  282 

—  tubes,  or  glands  of,.. ....  .v.  282 

arbor  vita  of, v.  288 

—  erectile  tissue  and  erection 

of, v.  284,  887 

— -  sinuses  of,. v.  285 


PAOB 

Uterus,  lymphatics  and  nerves  of;  v.  285 
changes  in  the  mucous  mem- 
brane of  during  menstruation,  v.  806 

regeneration  of  the  mucous 

membrane  of;  during  pregnancy, 

v.  876 

double, v.  847  (note),  422 

formation  of  the  round  liga- 
ment of; v.  424 

—  enlargement  of,  in  pregnan- 
cy,..... . v.  444 

—  condition  of  the  cervix  of,  in 
pregnancy, v.  444 

—  causes  of  contractions  of,  in 
parturition, v.  452 

contraction  of,  after  parturi- 
tion,  v.  458 

involution  of,  after  parturi- 
tion,  v.  458 

— —  restoration  of  the   mucous 
membrane  of,  after  parturition, 

v.  454 

nerves  of, iv.  428 

movements  of,  produced  by 

irritation  of  the  cerebellum,.. iv. 

868  889 

Utricle  of  the  labyrinth, v.'  214 

Uvea, v.  48,  51,  52 

Uvula, il  185 

action  of,  in  phonation,..  .iii.  508 

influence  of  the  facial  nerve 

upon  the  movements  of, iv.  162 

Vagina, v.  267,  287 

sphincter  of, v.  287 

double, v.  847  (note),  422 

Vagus  nerve  (see  pneumogastrio), 

iv.  208 

Valsalva,  humor  of, v.  218 

Valves  of  the  veins,  discovery  of,  I  172 
Valves  of  the  heart  (see  heart),  ..I  181 
Valves  of  the  lymphatics,,  .il  481,  488 
Valvule  conniventes, il  311 

—  development  of, v.  407 

Vas  aberrans  of  the  testicle, . . .  •  v.  818 
Vas  deferens, v.  318 

—  development    of,    from    the 
duct  of  the  Wolffian  body,  v.  420, 428 

Vasa   deferentia,  movements  of, 
produced  by  irritation  of  the 

cerebellum, iv..  868 

Vasa  efferentia  of  the  testicle,,  .v.  316 

Vasa  recta  of  the  testicle, v.  816 

Vasa  vasorum, I  245 

Vasa  vorticosa,. v.    49 
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Vaso-motor  nerves, iv.  435 

derivation  o£  from  the  cere- 

bro-spinal  centres, iv.  436,  440 

Vater,  corpuscles  of, iv.    37 

Veins,  anatomy  of, i.  301 

capacity  of, i.  802 

strength  o£ i.  806 

valves  of, i.  808 

function  of  valves  of, L  325 

course  of  blood  in, L  811 

pressure  of  blood  in, L  814 

rapidity  and  causes  of  circu- 
lation in, L  815 

influence  of  muscular  con- 
traction on  current  of  blood  in,.i.  317 

influence  of  aspiration  from 

the  thorax, L  319 

influence  of  gravitation,  L  824-330 

entrance  of  air  into, L  823 

— —  conditions  which  impede  the 

circulation  in, i.  328 

influence  of  expiration  on  the 

current  of  blood  in, i.  328 

Velum  interpositum, iv.  260 

Velum  palati, ii.  182 

—  action  of,  in  phonation,.  ..iii.  508 
Vena  innominate,  development  of, 

v.  485 
VenaB  cavse,  development  of, . .  .v.  434 

Venereal  orgasm, v.  835,  836,  840 

Venereal  sense, v.    24 

Venison, ii.    74 

Venoms,  absorption  of, ii.  465 

non-absorption  of,  by  mu- 
cous membranes, iii.    57 

Venous  pulse, i.  813 

regurgitant, i.  829 

Venous  system,  development  of,  v.  434 

Ventricle,  fourth, iv.  360,  403 

Ventricles  of  the  brain, iv.  412 

development  of, v.  401 

Verheyn,  stars  of, iii.  159 

Vermicelli, iL    97 

Vernix  caseosa, ....  iii.  67,  v.  397,  454 

composition  of, iii.    67 

microscopical  characters  of, 

iii.     68 

function  of, iii.     68 

Vertebral  column,  development  of, 

v.  395 

intervertebral  disks, v.  894 

Vertebral,  or  dorsal  plates, v.  890 

Vertigo,  in  cases  of  disease  of  the 
cerebellum  and  of  disease  of  the 
semicircular  canals, iv.  387 


FASH 

Vesical®  seminales, v.  820 

fluid  of, v.  324 

development  of, v.  428 

Vestibule  of  the  ear, v.  163,  214 

development  of, t.  103 

Vidian  nerve, iv.  420 

Villi  of  the  small  intestine,. . .  .iL  315 

contractions  ofJ iL  316 

lacteal  vessels  of, iL  317 

development  of, t.  407 

Viscera,  animal,  used  as  food,,  .ii.    76 

Visceral  arches  and  clefts, t.  411 

Visceral,  or  abdominal  plates,,  .v. 

391,  405,  411 
Vision,  general  considerations  of, 

v.    87 

area  of; v.  72,  86 

of  near  objectsihrough  a  pin- 
hole,  t.  110 

erect  impressions   produced 

by  images  inverted  on  the  ret- 
ina,  v.  116 

binocular, v.  117 

corresponding  points  in  the 

retina, • v.  119 

monocular,. . . .  / v.  122 

duration  of  luminous  impres- 
sions,  v.  127 

time  necessary  for, v.  127 

Vitality, v.  461 

Vital  capacity  of  the  lungs, L  403 

Vital  point  in  the  medulla  oblon- 
gata, .. .   iv.  410 

Vital  properties  of  organized  struct- 
ures,  L  18,  v.  255 

Vitelline  membrane  of  the  ovum,,  v.  289 

villosities  of, v.  361 

Vitellus, v.  290 

—  deformation  and  gyration  of, 

v.  854 

change  in  the  appearance  of, 

after  fecundation, v.  355 

nucleus  of, v.  356 

segmentation  of, v.  856 

Vitreous  humor, v.     65 

development  of, v.  402 

hyaloid  membrane  of, ...  .v.     65 

Vocal  chords, in.  492 

appearance  of,  during  phona- 

tion, UL  499 

Vocal  organs,  physiological  anato- 
my of, hi  491 

Voice, iii.  490 

mechanism  of  the  production 

of, iii,  497 
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Voice,  characters  of,  in  childhood, 

iil  602 
range  of, iii.  503,  604 

—  different  kinds  of, iii.  504 

— —  action  of  the  intrinsic  mus- 
cles of  the  larynx  in, iii  505 

action  of  the  accessory  or- 
gans in, iii.  507 

action  of  the  trachea  in,.. iii.  607 

—  action  of  the  epiglottis  in, 

iiL  507 

—  action  of  the  velum  palati  in, 

iil  508 

—  action  of  the  uvula  in, . .  .iii.  608 

—  action  of  the  tongue  in, . .  .iiL  508 
mechanism  of  the  different 

registers  of, iiL  509 

—  influence  of  the  spinal  acces- 
sory nerve  upon  (see  phonation), 

iv.  171 
influence    of   the    recurrent 
laryngeal  nerves  upon  (see  pho- 
nation),  iv.  221 

Vomiting, iL  297 

—  passive  condition  of  the  stom- 
ach in,  ii.  298 

—  action  of  the  diaphragm  and 
the  abdominal  muscles  in,.  ...iL 

299,  805 
from  a  pig's  bladder  substi- 
tuted for  the  stomach,  in  a  living 

animal, iL  299 

by  a  girl  after  destruction  of 

the  stomach  by  a  corrosive  poi- 
son,  ii.  301 

impossibility  of,  in  a  case  in 

which  the  stomach  was  extruded 
by  a  wound  in  the  abdomen,. iL  302 
■      action  of  the  oesophagus  in, 

iL  303 

—  summary  of  the  act  of,. .  .iL  304 

—  protection  of  the  glottis  and 
the  posterior  nares  in, .......  ii.  805 

—  ways  in  which  it  may  be  in- 
duced,  iL  306 

Vowels, iii.  514 


MAI 

Wagner,  corpuscles  of, iv.    39 

spot  of, v.  291 

Water,  as  a  proximate  principle,.L    30 

—  condition  of^  in  the  organ- 
ism,  i.     80 

quantity  of,  in  different  parts 

(table), L    88 

entire    quantity  of,   in  the 

body, L    48 

origin,  discharge,  and  func- 
tion of, L     84 

as  a  drink, ii.  64,  101 

—  quantity  o£  necessary  to  nu- 
trition,  ii.  124 

absorption  o^  by  the  lacteals, 

iL  446 
Watery  vapor,  exhalation  of,  in 

respiration, L  446 

Webster,  brain  of, iv.  348 

Weight,  appreciation  ot, v.     16 

Wharton,  gelatine  ofj v.  871 

Wheat, ii.     90 

Wines, ii.  Ill 

constituents  of, iL  112 

sparkling, ii.  112 

of  the  United  States, ii.  113 

Winking, v.  141 

Wolffian  bodies, v.  391,  420 

ducts  of, v.  420 

development  of  ducts  of,  into 

the  vasa  deferentia, v.  420,  423 

—  structure  of,. v.  421 

1  disappearance  of, v.  422 

Woorara,  absorption  o£ iL  465 

influence  ofj  upon  the  motor 

nerves, iii.  464,  iv.  94 

Wrisberg,  nerve  of, iv.  145,  156 

ganglion  upon  the  root  of,.iv.  148 

Xanthine,  in  the  urine, iiL  209 

Yawning, L  896 

Yolk,  principal,  or  formative,.  ..v.  290 
Youth, v.  459 

Zone  of  Zinn, v.  49,  63 
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